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I INTRODUCTION

A, Background

The Department of Defense Land Fallout Prediction System is a re-
search tool designed to utilize a Modular Computer Program called DELFIC
(for Defense Land Fallout Interpretive Code), to implement a highly
sophisticated and physical fallout model.l* As a research tool, DELFIC
typically requires a relatively large amount of computer time and yilelds
a great variety of output data, Much of the output is nct needed for
damage assessment, and the long computer time is inconsistent with the
necessity for generating a large number of fallout patteras to assess
the damage from a strategic nuclear attack. A derivative of the DELFIC
program called PROFET (for Prediction of Fallout at Early Times) has
been developed to provide an operational capability to make rapid-access
fallout predictions with a minimal amcunt of input data and an easily
interpretable output.2 It simplifies the input requirements for the
program, icplaces the less-sensitive portions of the program with empiri-
cal formulas, and reduces the output to a few essential parameters., How-
ever, it remains principally a physical model, and its running time is

still suitable for handling only a few detonations in a reasonable period.

A need exists for a simplified model with much reduced computing time
and restricted input and cutput requirements for large-scale damage-
assessment studies. To th»« . id research was initiated and the SEER

model was developed.3

The development criteria for SEER were that it simulate DELFIC out-

put and that it produce the simulated output at a fraction of the

*
References are listed at the end of the report.
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computer time needed for DELFIC., The computerized SEER program requires
about 2.5 seconds of CDC 6400 computer execution time for each 1200-grid-
peint run, Preliminary exposure rate comparisons of SEER output with
DELFIC output irdirated fair agreement of exposure rate contour shape,
gize, and pattern directionality for moderately sheared winds for yields
between one kiloton and 10 megatcns, Additional equations were formulated
to improve the accuracy of SEER, but these were not incegrated into

the original SEER, nor were they tested.

The problems remaining at the termination of the above SEER develop-

ment research were:

{1) Uncertainty as to whether the developed simplified system
would match DELFIC output adeguately under all reasonable in-

puts to DELFIC (e.g..

7

wind structure and atmosphera),

{(2) Uncertainty as to what criteria should be used for measuring
the adequacy of match (e.g., H+ 1 exposure rate at a point,
area of exposure dose contours, intensity-area integral, or

fraction down).

(3) Uncertainty as to whether or not statistical wind data can be

used to predict fallout effects.

These remaining problems required resolution before the simplified
gystem could be recommended without reservations to predict fallout ef-

fects in damage assessment :.Ludies.

B. Objectives

The objectives of this research were to formulate criteria and con-
duct vellidation tests of the developed simplified fallout computational
system with respect to DELFIC under a wide variety of conditions, and
to make the necessary corrections or improvements ou the simplified

computational system where validation is inadequate so as to satisfy




the validation criteria. The SEER II -~omputational model will incorpor-

ate these corrections and improvements.

An additional objective is to deve:lop a procedure to incorporate
statistical variabilities of wind st nuctures into expected fallout pat-

terns with measures 2f variations.

C. Scope

The long-term goal of the research program that includes the re-
search effort reported here is to implement a better fallout model for
damage assessment., 1ltv is believed that models in curreunt use cannot
adequately predict fallout for the likely range of yield and wind condi-
tions under which an attack could occur, and that the operational conse-
quences of this inadequacy are significant.* The new model must 1) pro-
duce fallout informution at given resource location from a large num-
ber of detonations at given target locations, and <. .o so without sub-
scantially increasing the computer costs associated with the model. As
an inte mediate objective, a model capable of predicting fallout on a
specified resource point from a single specified detonation must be de-
veloped. This objective has been substantially met by the SEER I model,

with the following limitations in scope:

e It is a single shot model,
¢ Its range of validity is 1 KT to 30 MT.

¢ It does not currently provide for fission fractions
less than unity.

¢ It does not currently provide for height or depth of
burst corrections,

¢ It assumes that a single vertical wind profile obtains
for the entire time and spatial extent of significant
fallout.

*
This contention is being investigated under a contract entitled 'Demon~
stration of the Utility of the SEER Fallout Model."

3
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e It 1s calibrated to DELFIC fallout patterns with the
following data inputs

Siliceous soil substrate

U.S. standard atmosphere 30° North, Janusry

Log-normal particle size distribution with mass
mean 130 microns.

U-235 fission spectrum or U~-238 8 MeV, depending
on yileld.

Most of these limitations will be alleviated during the Demonstra-
tion phase currently under way. In particular, SEER II will be incor-
porated in a system that provides for addition of the fallout at a re-
scurce point from all the detonations affecting it, and the prediction
will take into account spatial variation of wind fields for large-yield
weapons. Providing for fission fraction and height of burst corrections
should require a minimal effort. Although the validity of the model for
very low or very high yields is certainly in doubt, provision will be

made to extrapolate the results to all reasonable values of yield.

The validity of the resesvrch results reported here is also subject
to the limitation that no standardized technique has been established
for judging the agreement between two fallout patterns. Therefore, sub-
jective judgments on their similarities in directionality, shape, and

size have been used to assess the success of SEER II in simulating DELFIC.

Finally, the study of statistical wind variability wes. limited to
the question of what the higtorical variability of the instantaneous
vertical wind profile over a particular point had on the statistical
variability of fallout patterns generated from these instantanecus winds.
The question of correlations between winds at different locations and

different times is being investigated elsewhere.
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3 . I1 YALLOUT MODELINC

A, Problem Discussion

Depending on the geographical location and the time of year, the
wind structure can vary greatly with altitude; both wind direction and

wind velocity are subject to large changes. Fallout particles falling

S X Ty, TRy e "
pelap L s i TR T

from various cloud altitudes and subjected to shearing winds are moved
about at varying velocities and directions during their descent, The
resulting deposition patterns are irregular and difficult to reproduce

by the use of simplified empirical equations. Normalized wind inputs

are too simple to adequately characterize the actual winds., For this
reason,and because good simulation of DELFIC output for all naturally
occurring wind structures was deemed necessary for the simplified fallout
medel to be generally useful, it was decided that SEER should be moditied

to handle complex as well as simple wind structures.

P

s,
R

Typical of the wind structures for which the modified model is re-

quired to accept and produce good simulation of DELFIC output are the

AT AL

' summer winds over Fort Worth, Texas, and Lake Charles, Louisiana,*
Representations of the winds that may be expected at these two locations
in the summer are shown in Figures 1 and 2,where the wind vectors (di-

: rections and velocities) at altitude intervals of 1000 meaters are placed

fo o A
st it A e

; E end to end, A straight line drawn from the zero point to any altitude
é 2 point on the curve is an approximation of the fallout pattern directioan
% for particles falling srom that altitude, with the larger particles

ii landing closer to the zero point and the smaller particles landing

% farther away. The general shapes of the fallout pattern iimits (e.g.,

é the 1 r/hr exposure rates) resulting from these winds,for a weapon yield
5
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that will produce a maximum cloud height of 20 kilometers, are shown in

*
Figures 3 and 4, As can be seen, the shapes are irregular (especially

with respect to the relative location of ground zero) rather than sym-

metrical about a hotline axis. The higher exposure rate contours are

also expected to be irregular. The reproduction of these irregular con-

tours therefore is beyond the capabilities of the simplified SEER model.

I’ The use of mock winds for input into fallout models can serve two

3 purposes: 1) it is a means of providing information on the menner in

which selected inputs affect the model's output, and 2) it is a means
For the

of generating pattern extremes for model output comparisons.
mock winds shown in Figure 5, SEER produces the fallout contour pattern
shown in Figure 6 while DELFIC produces the pattern shown in Figure 7.

The SEER contours do not adequately simulaf.e the DELFIC contours in
The mock wind is simple

shape or size, although the bearing is similar.

ir structure (only one direction of rotation) but is highly sheared.

Its total change of direction is 225°.

B. Method of Approach

In order to obtain a closer approximation of DELFIC fallout expo-

sure rate contours for any wind structure, it was necessary to expand

the modeling of the physical characteristics of particle transport. The

following major tasks were carried out:

(1) Improving the accuracy of those empirical equations previ-

ously developed wihich were retained ‘or SEER II.

(2) Including particle transport modeling.

. (3) Formulating new empirical equations that were necessary

g for the new model.
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m
W

*
See also Figure 20 and Table C-1.
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(4) Translating the model into comnuter programs and sub-

routines,

(5) Analyzang computer output and adjusting the model anc

the associated programming.

C. Model Development

1. Empirical Fquations Derived from DELFIC

The modeling starting point for SEER II is the DELFIC cloud

at stabllization. The important parameters at cloud stabilization are:

a) the cloud stabilization times, (t)
b) the cloud top altitude, (At)
i ¢) the cloud base altitude, (Ab)

. d) the cloud radius, (r . )
i min

These values can be directly obtained for various yields from

the DELFIC cloud history table. Empirical equations written to approxi-
mate these parameters as a function of yield are included in Appendix B
along with figures demonstrating their accuracy. At the cloud stabili-

zation time, the cloud radius is at a reference minimum. From the mini-

mum radius, the cloud expands radially, first at one rate and then at

another rate, uatil the cloud radial expansion termination time is

reached. 8Since SEER II is a cioud disk transp ¢ and deposition model,
: the rate of cloud radial expansion is an important modeling parameter.
The rate of cloud radial expansion with time, the expansion termination
; time, the maximum radius, and the deposition radius (which may be less
; than or equal to the maximum) are derived from analyses of DELFIC con-
, stant wind fallout patterns, DELFIC cloud stabilization parameters, and
particle fall velocities. Empirical equations written to approximate
these parameters as functions of yield are also included in Appendix B.

Siiice there is no direct DELFIC printout of these parameters, no

14
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comparison of accuracy is made, and the adeguacy of the approximations

can be judged only as they affect the final results.

2. Analytical Theory

o R S

The total potential fallout deposition (intensity integrated

over area) from a weapon of fission yield W can be expressed by

I = KW &9

where K depends o1 the weapon type k and W is in kilotons. For example,
5 Miller® gives a K value of 3610 r/hr at 1 hour per kiloton per squarer
; mile for fission cof U-238 by 8 MeV neutrons, and this converts to 9350
r/hr at 1 hour per kiloton per square kilometer. If fc is the fraction
of the fallout falling locally from the cloud, then

c
I =f KW 2
k c @

is the deposition of cloud fallout.

If the fallout cloud is separated into L equal layers of equal
133 total fallout radioactivity, then for each layer, g,

E c
e I" =f KWL 3
. ko = te / )

3
E% is the fallout deposition from that layer. If the particles in each

layer are separated intc particle size groups, and if each particle size
group, g, repregsents a fraction of the total activity of all particle
sizes, then for each particle size group in each layer,

C
1 = f f KW/L (4)
kig cg

where fg is the fraction of the activity in size group g.

E For each layer of cloud deposition, the area .overed by fall-

out is approximated by

™

E= . S AR = Yoy > e i Sl - u - Sl O g s o M o = iy X d
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AL = 2rd(dn - dl) 5)

where dn is the deposition distance of the largest particles, and where
rd is the radius of the cloud at the time of deposition. The increment

in area of deposition between adjacent particle sizes g and g+l is

= 2r Ad (6)
bR g = 2Tgbdg

: where Adg is the increment in deposition distance.

The fallout intensity (exposure rate) is inversely proportional

to AAzg' Thus, for each layer of deposition, the average exposure rate

within each AA is
18

st

Cc
I =3I /M =f £ KW/2Lr Ad (7)
a kig A 28 cg / rdA g

[ —

where the deposition distance for particle group g is

d =Vt =V (t +t_) (8)
g 4 d L s fg

and where Vz is the effective fallout wind velocity from the altitude of
cloud layer ¢ to the ground surface, td is the time of deposition, ts is
the elapsed time from the time of detonation to the time of cloud cap

stabillzation, and tfg is the time of fall for particle size g.

The particle falling times depend on the particle size and its
altitude of origin. Instead of providing approxinating equations to cal-
culate the particle falling times for various sizes and from various
altitudes, falling times were precalculated for specific particle sgize

groupings and stored in the program.

If the cloud is divided into L equally thick layers, each
layer will have a thickness of (At - Ab)/L, and the midpoint aititude of

each layer is

16
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(24 - 1) (At - Ab)

A =
P Ab + oL (9

where g is the number of the layer counting from the bottom layer (g = 1)
to the top layer (g = L). The cloud is assumed to be urniform along any

vertical section.

The direction of fallout deposition, with respect to the weapon
burst point, of fallout particles from each cloud layer is determined by
the effective fallout wind direction for the altitude of each cloud layer.
The effective fallout wind direction for an altitude is the net result
of the directional transport of particles falling from that altitude.
From each cloud layer, the fallout will land in the direction of a line
extending radially from the ground burst point, with the larger particles
landing closer to the burst point and the smaller particles landing fur-
ther away. The exposure rs. e of the deposited fallout from each layer ‘
not only varies with distance in the effective fallout layer direction,
but also varies with distance, rx, perpendicular to the effective fall-
out layer direction. The exposure rate is at a peak value at rx =0
(measured from the radial line) and diminishes to a minimum value at

r = r..
b < * d

The peak exposure rate at a downwind distance Y for a cloud

layer is approximated by

.36

4 1/3
I =1 (R¥ (10)
y a ts + t

£

where Ia is given by Equation 8 and is the average exposure rate between
-rd and rd at any downwind distance. The exposure rate decreases from
its peak value ("hotline" value) in a fashion that is approximated by a

normal distribution:

17




B e A R A T T AN S M TG Tyl R e o B0 e it V8 B B 20 S T T 5 I S Lt
Al S R S R AT TS R o P -#;@#M‘»’ﬁf%ﬁ?ﬁ}‘rf&if"15«“,-:*&11*«‘?‘:’”wfﬁ'f‘%ﬂe—’—“!‘x?v*%ﬁi@?éﬁﬁ‘i*“”d!‘fff"fﬁﬁi‘—ﬂ?w“5‘5 R R T TR
Ty TISEARAR, LrAd B i e p e Pt i e dotiy, SR, T,

I =1 e V2 _y x (11)

where -r < r < r..
d x d

T U

However, the DELFIC exposure rates near the pattern edge ex-

el

hibit more of a shoulder and then drop off relatively sharply; this
- ' necessitates modifying Equation (11) to simulate the sharper drop. The

revised expression is

' DR/6
H b o r

e I =0.75 I DR+ 0,25(—2—% 1

E- rX y r (12)

3 . min

[ @

A mniIr

Z where ~-1/2 y X

DR = e (3 1 r) . (13)

3 a

% ' The procedure as reported thus far provides the mechanics for

the determination of the exposure rates within the area of deposition
for fallout from each cloud layer. Where the deposition areas of fallout
! from the various cloud layers overlap, the exposure rates are then summed

to give total cloud exposure rates.

[Py ————

ot

In the development of the above procedure, many of the inputs,

»

such as the value of ch in Equation (2) and the relationship of Iy to

Ia in Equation (10) are empirically determined by comparative analysis

oAt

of DELFIC data (the results of DELFIC runs) with the results obtained

1]

13 from partially developed computerized runs based on the above rationale.

In the region near the detonation point, the radioactivity on

the ground arises from detonation ejecta as well as fallout from the

z stabilized cloud and fallout originating from the developing cloud prior
k. to stabilization. The resulting exposure rates are not presently ade-

quately modeled by DELFIC nor by any other fallout model. For the reasons

18
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3 given above, the exposure rates near ground zero are separately modeled
as a smooth extension to the upwind boundary of the results obtained

from the cloud deposition.

Once the hotlines for each boundary of the pattern have been

established (usually from the bottommost and topmost cloud layers), the

e e

edge regions are defined to a distance of rd from these hotlines by us-
{ ing Equation 12. The largest particie size group, landing closest to
L ) ground zero, is then used to define the shoulder of the pattern on each
L ; side, by rotating the radius r_ to the upwind direction. The upwind

d
E: ’ portion of the pattern is then smoothly fitted between these two upwind

radii. Details of this computation can be obtained by inspecting compu-

i ter subroutines GRNDZ, EGDOSE, and SHLDR, described below.

3. Computer Implementation

This section is the formal documentation of the SEER I{ com-

T e ey

puter program., The reader is assumed to possess a knowledge of the

FORTRAN computer programming languege aud an understanding of general

PR e

X computer terminologies. The subsection on the preparation of input data

and run procedures, however, is directed toward the users of the SEER II
» program, and is written so that users and analysts can prepare input

data and use the program without the assistance of a professional com-

puter programmer, The source statements for all routines in the SEER I1

program are listed in Appendix A.

a, Program Storage Requirements

The SEER II computer program is written in FORTRAN 1V for

the Control Data 6000 Series Computer Systems. The program is developed

. in such a way that, with minimal modifications, it can be implemented on

= any computer system with a FORTRAN compiler and 40K available central

19
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memory storage. Except for normal card-data input and printed output,

the program requires neither peripheral storage nor peripheral equipment.

b. Computer Runn;gg Time

The program is composed of two distinct segments, both
controlled by the SEER 1I Main Program, The first segment computes all
the values of key parameters of the fallout pattern and prints these

values in tabular form, The computer running time of this segment varies

from approximately 1.3 seconds for a one kiloton weapon to approximately
6 seconds for a ten megaton weapon. This segment of the program is

called only once for each weapon and wind specification.

The second segment performs the mapping functions of the
program. This segment utilizes the results of the first segment to com~
pute exposure rates for all grid points as specified by the user. The
user specifies the range of the values and the scale for each axis. The
computer running time of this segment depends on the number of grid-point
values that must be computed, For a 1200-grid-point map in which the
specified scale is sufficiently lasge so that the output map includes
the 1 r/hr contour line, the running time is about 1 or 2 seconds; how-
ever, for the same size map but with a smaller scale, the mapping segment
may require up to 5 seconds of computer time. The secund segment of the

*
SEER II program is called once for each map requested by the user,

C. SEER I1 Main Program

The SEER II1 computer program consists of a Main Program

and twelve subroutines, The Main Program performs the following functions:

x
It should be noted that maps, per se, will be of little interest in a
damage assessment system.

20
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(1) reads the inpit data deck; (2) assigns default values where the user

has not specified any value; (3) calls the computational subroutines to
compute values for various key parameters of the fallout pattern; (4)
prints the computed values in tabular form; and () calls the mapping
control subroutine, TMAP, to generate the maps requested by the user.

The flowchart for the SEER 11 Main Program is shown in Figure 8.

d, The Computational Subroutines

There are five computational subroutines in the SEER II

program, They are TEATUR, PARTLP, INTENS, LFTRT, and EDGZ. These

routines are all called from the SEER II Main Progrsm and their primary

functions are to compute values for key parameters of the model:

Subroutine FEATUR. This subroutine computes values for

the following parameters: (1) altitudes of the cloud top

and cloud hase at stabilization time; (2) time of cloud
formation or stabilization; (3) time of termination of
radial expansion of the cloud: (4) time of change in ra-
dial expansion rate of the cloud; (5) the minimum and
maximum cloud radius; and (6) the rates of cloud radial
expansion immediately after stabiljization and at later
times. The equations for these parameters are presented
in Appendix B, and were empiricaily derived from DELFIC
print-outs. Subroutine FEATUR is quite straightforward

and no flowchart is necessary to show the computational

processes.

Subroutine PARTLP. This subroutine divides the nuclear

cloud into various layers and then computes the landing

points, the horizontal distances traversed, and the times

21
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PRINT DATA
FOR ALL
RADIAL POINTS

A READ RUN
CONTROL CARD CALL LFTRT
W=0 Yes CALL EDGE
? 1
No SETIA = 1
ASSIGN
: DEFAULT VALUES
. READ MAP
5 —~{  TITLE AND
: CONTROL CARD |
: Yes NWIND = 0 }
' ?
' CALL TMAP
! No

1
f READ WIND DATA
: ‘ Yes
: —4p{ CALL FEATUR No
: ‘ INCREMENT 1A
2 CALL PARTLP
1 ! ' PRINT KEY
3 i PARAMETERS
A ! AND WIND DATA
i

T

"
W

CALL INTENS

-

s TaT

FIGURE 8 FLOWCHART FOR SEER II MAIN PROGRAM
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of fall for up to 25 particle groups falling from each
altitude layer to the ground. This procedure traces

the path of the hotline for each cloud layer. A pre~-
calculated table of falling times for the particle

groups for 80 altitudes 18 stored within the subroutine.
The calculation for this table follows that of subroutine

FALRAT in DELFIC. Subroutine PARTLP takes irnto account

the wind specified by the user and the falling rates of
each particle group at various altitudes to determine

the landing point as well as the horizontal distances
traversed during the descent to the surface. The routine
also calculates the 1 r/hr exposure rate radii at the
particlc group landing points. The flowchart c® this sub-

routine is shown in Figure 9.

Subroutine INTENS, The primary function of Subroutine INTENS

is to determine the exposure rates at varicus internally

established key points. The locations of these key points are
selected so that an appropriate network of exposure-rate values
would be available for the mapping routines., The routine first

computes the fallout intensities along the hotline for each

cloud layer at the particle-group landing points, Then, after
establishing the radial distances from ground zero to the key
positions on each hotline, the routine calculates the exposure

rates at each key point, taking into account contributions

i .
PR AL

from all cloud layers., Upon return from this routine, array

DRAY contains the intensities at the radial points; arrays
XRAY and YRAY contain the x and y coordinates of the radial

points; array GDRAY r~ntains the horizontal distances traversed

£ 23
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by particles descending from the cloud to the radial points;
array FTRAY contains the corresponding falling times; srray
RDRAY contains the effective radii of the particle groups;
and array DRATSA contains the ratios of the hotline exposure-
rate values to the average rates at the established radial

distances, The flowchart for Subroutine INTENS is shown in
Figure 10,

Subroutine LFTRT. This routine determines which cloud layer
lands on the leftmost side of the fallout pattern and which
lands on the rightmost side. The results of this routine are
used by Subroutines EDGE and EDGED., For runs in which the
wind is constant, the first cloud layer deposited will be both
the leftmost and the rightmost sides, since all layers land

on a line, The routine is straightforward so that no flow-

chart is needed to show the computational process.

Subroutine EDGE, This routine determines the locations of

pivotal points along the left and right edges of the fallout
pattern, For each of the radial points on the left and right
crests of the pattern, the routine calculates the location of
a corresponding point a distance of 1,1 times the effective
radius away, The two sets of points thus calculated define
the left and right edges of the pattern. A multiplier of 1.1
is used because it corrects the very sharp dropoff of the

DELFIC patterns, The flowchart for Subroutine EDGE is shown
in Figure 11.
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FIGURE 10 FLOWCHART FOR SUBROUTINE INTENS




ey

ereza = - T o e a TrTeRTAT=e T L, ATV R
B N R ST R 550 Y AR S P = N SN L T i e SO o (8 R S e

ENTER

(XT,YT)
BETWEEN (X5,Y5)

SETIB =1
(Do Left Edge)

!

SET 1A = 1

!

ASSIGN {X,Y)} VALUES
TO CREST POINTS
IA AND 1A + 1,
(XA,YA), (XB,YB)

!

DETERMINE LOCATIONS
OF £DGE POINTS THAT
CORRESPOND TO CREST
POINTS. (X6,Y6), (X7,Y7)

AND (XA,YA)

COMPUTE EDGE PIVOT
POINT {X8,Y8). UPDATE
(X5,Y5} AND ASLPA

3
> ASSIGN (X6,YS) AS

DETERMINE INTERCEPT
OF EDGE WITH
PREVIOUS SEGMENT.
(XT,YT}

RETURN TO DO RIGHT EDGE

FIRST EDGE POINT

!

ASSIGN (X7,Y7) AS EDGE

9| PIVOT POINT. UPDATE

(X5,Y5) AND ASLPA

!

IA=1A+1

No ~“IA = NPAR

7
Yes

IB=1IB+1

No 18 >2

?
Yes

FIGURE 11 FLOWCHART FOR SUBROUTINE EDGE
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e. The Mapping Subroutines

There are seven subroutines in the mapping segment of

the SEER II program. They are TMAP, EDGED, INTERP, GRNDZ, EGDOSE, QUAD,
and SHLDR:

Subroutine TMAP. Tunis routine is the driver fox the mapping

segment of the program, It is the only one of the seven
routines in this segment that is called directly from the
SEER II Muin Program, TMAP performs the following functions:
(1) determines the number of strips of map output for the
current map request; (2) clears the map storage areas; (3)
sets up the range of x values for each strip of map; (4) sets
up the values of the coordinates for the x and y axes; (5)
calls Subroutines EDGED, INTERP, and GRNDZ to compute the ex-
posure rates for all map points; (6) examines the computed
values at each map point and converts the values to the output
mode specified by the user; and (7) prints the output map in
the format specified, Subroutine TMAP is called once for each

map requested, The flowchart for this subroutine is shown

in Figure 12,

Subroutine EDGED. This routine sets up the sequential seg-

ments of the left and right edges of the pattern fcr mapping,
This subroutine performs no computations, but merely sets up
the segments and then calls subroutine EGDOSE to perform the
computations related to the mapping within each segment. The

routine is quite simple and no flowchart is needed to show

the procedure,

28
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A I SET J = 1
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g CCORDINATES FOR L
e Y-AXIS
- CHECK MAP VALUES
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& |
| Y
A SETIA = 1
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2 X-AXIS ON Y
CURRENT STRIP
b | > KMAY [No
2 ‘ ?
i
3 CLEAR MAP ' Yes
2 STORAGE AREA |
3 PRINT X-AXIS
4 £ ON BOTTOM
. CALL EDGED TO
Lo PERFORM MAPPING ON
! LEFT AND RIGHT
S EDGES OF THE ESTABLISH RANGE OF
"' 3 PATTERN X VALUES FOR
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4 CALL INTERP TO MAP 1
DOWNWIND SECTION 1A =1A +1
No| 1A > KMAP
?
Yes
RETURN

FIGURE 12 FLOWCHAR. FOR SUBROUTINE TMAP
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Subroutine INTERP, This routine computes the exposure rates

for all map points in the downwind section of the fallout
pattern. The routine divides the downwind section into seg-
ments bounded by two pairs of adjacent radial points from two
adjacent cloud layer hotlines. The routine then checks each
segment to determine the map points that fall within its
boundaries. Exposure rates at those points are computed
using the weighted values of exposure rates at the four ra-
dial points, The flowchart for Subrcutine INTERP is presented

in Figure 13,

Subroutine GRNDZ. This routine sets up various parameters in

COMMON block /QUADRB/ for the computations of exposure rates
around the ground zero area. The routine then calls Sub-
routine SHLDR to perform the mapping for the left and right

shoulders of the fallout pattern, and calls Subroutine EGDOSE

o perform the mapping in the upwind section of the pattern.
The flowchart ror the routine is shown in Figure 14, Sub-~
routine GRNDZ is called by TMAP and is called once for each

map requested.

Subroutine EGDOSE. This routine computes exposure rates for

all map points on the left and right edges of the pattern, or
on the upwind section of the pattern, For a run in which the
user has not specified the use of fewer than 25 particle groups,
the routine will be called fifty times by Subroutine EDGED and
once by Subroutine GRNDZ, The flowchart for Subroutine EGDOSE

is shown in Figure 15.
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- ESTABLISH MAP IX = IX + 1
:, COQRDINATE LIMITS No IX > KX2
WITHIN QUADRANGLE - ?
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e COMPUTE RANGE OF Y.
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3 FIGURE 13 FLOWCHART FOR SUBROUTINE INTERP
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BASE
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LOCATE UPWIND POINTS
XC=XA XD=XB

TO X AXIS YC = YA + RDA - RF

YD = ¥YB + RDB : RF

LLOCATE UPWIND POINTS
YC=YA YD=YB
XC = XA + PDA - RF
XD = XB + RDB : AF

BASE
LINE PARALLEL
TO Y AXIS

XC=XA + TR - RDA - RF
XD=X8 + TR - RDB - RF
YC~YA + ASLP(XC - XA)
YD=YB + ASLP(XD ~ XB)

!

CALL SHLDR TO '
COMPUTE R/HR FOR |

SHOULDERS

!

CALL EGDOSE TD
COMPUTE R/HR FOR =~
UPWIND SECTION®

FIGURE 14 FLOWCHART FOR SUBROUTINE GRNDZ
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3 [RUSS— SELECT YPT
R ¥ No
3 IDENTIFY
E ok LEFTMOST POINT
E ‘ Yes
3 LOCATE INTERCEPT OF
CHECK WHETHER
4 QUADRANGLE IS No LINE THROUGH
, (XPT,YPT) WITH LINE AB
WITHIN MAP AREA

?

R

COMPUTE EXPOSURE

‘Yes

CALL QUAD TO RATE AT INTERCEPT
ORIENT QUADRANGLE ‘
I COMPUTE EXPOSURE

N ESTABLISH MAP RATE AT POINT

COORDINATE LIMITS (XPT,YPT)

- WITHIN QUADRANGLE

SET IX = KX1 IV = 1Y + 1

4 No| IY > KY2

: * ?

; Yes

> SELECT XPT e

7 Y

v IX = IX + 1

e COMPUTE RANGE OF ‘ Noj IX > KX2

E: Y VALUES (Y1 TO Y2) ?

‘ Yes

3 SET IY = KY1

3 RETURN
-4

FIGURE 156 FLOWCHART FOR SUBROUTINE EGDOSE
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Subroutine QUAD, This routine determines the orientation of

a quadrangle and orders the four corners of the quadrangle so
that subsequent mapping of the area can be done in an orderly
way. The mapping processes in Subroutines INTERP, EGDOSE,

and SHLDR require the leftmost point of the quadrangle to be
stored in (AX, AY) of COMMON block /QUADRA/; the point diag-
onally opposite it must be stored in (DX, DY) and the point
with the greater slope from (AX, AY) must be stored in (BX, BY);
the fourth point is stored in (CX, CY). The routine also cal-
culates the slopes of the lines connecting the four points,

Subroutine QUAD is a simple routine znd no flowchart is needed

to show the computational process.

Subroutine SHLDR. This routine computes the exprosure rates

for all points on the left and right shoulders of the fallout
vattern, Each shoulder is defined as the area enc:osed by

four points: the vertex point, the edge point, the upwind

point, and the bisector point. On the left shoulder, the
vertex is the first radial point on the leftmost side of the
pattern., The edge point is the first point of the left edge
of the pattern. The apwind point is a r int located a distance
of 1.1 times the effective radius away .rom the vertex on a
line perpendicular to the line connecting the left and right
vertices. The bisector point is located on the bisector of

the angle formed by the edge point, the vertex, and the upwind
point., The point is ‘ocated a distance of 1.2 times the ef-
fective radius away from the vertex. The right shoulder is

defined in a similar way. The flowchart for the routine is

shown in Figure 16,
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!

LOCATE UPWIND POINT
OF SHOULDER

!

DETERMINE
ORIENTATION

OF SHOULDER

CHECK WHETHER \
SHOULDER IS WITHIN \No

CSTA IR P A

MAP AREA
?
‘Yes

CALCULATE MAP GRID
RANGE FOR X
AND Y AXES

v

CALL QUAD TO ORIENT
SHOULDER VERTICES

!

SET IX = KX1

SELECT XPT

> COMPUTE RANGE OF

Y VALUES (Y1 TO Y2)

v

SET 1Y = KY1

!

SELECT YPT

No

Yes

COMPUTE EXPOSURE
RATE AT (XPT,YPT)

T

Iy > Ky2 |No

IV = 1Y + 1 el

?
Yes

IX =IX +1
No| IX > KX2

?

Yes

No

SET UP TO MAP RIGHT
SHOULDER (KASE = 2)

s

FIGURE 16 FLOWCHART FOR SUBROUTINE SHLDR
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Sagenid 4. Users Instructions

The input data for the SEER 1I computer program are specified
it *

‘1{ on five logical cards. These logical cards are problem identification,
‘ﬁT problem specification, wind data specification, map identification, and

map specification cards. The program is designed so that any number of

ifdoand

problems can be ~un in one computer run, If more than one problem is

e w2

3 . to be executed in one computer run, the wind data need not be respecified

for the second or subsequent problems unless the wind data are to be

changed.,
_g a, Problem Identification Card
% The problem identification card is used to provide a title
?ﬁ or heading for the output data, The user may enter any comment in columns
:f 1 to 80 of this card., There are no column restrictions except that the
{i comment or title must be on one card only. There must be a problem
4% identification card for each problem, A blank car may be used if no
{é comment is desired for a particular problem,
F
4 ' b. Problem Specification Card

A problem specification card must be used for each problem,

This card contains the following data:

. e

*A logical card may consist of any number of physical cards needed to
contain the data to be specified by that logical card. For example, wind
data specicication may require from 1 to 14 cards, depending on the
amount of data to be specified., The other four logic input cards,
however, require only one physical card each,

36

B Ly e T A - -
B s Vi i St A5 KRN ¢ v g
ZELES s £ 5

it L.



o o

5
3
~
£
=

E

e i
By L b i

Mnemonic Columns Format Restrictions

R B e WA © e

v
TLIMIT
NWIND
KDAT
NMAP
NLVL
KPAR

v

TLIMIT

NWIND

KDAT

NMAP

NLVL

KPAR

1-10 F10,0 Value must be between 1, and 30000,

11-20 F10,0 None,

24-25 12 If entered, value must be between O and 40,
30 11 If entered, value must be between O and 4,

31-35 15 None,

39-40 12 If entered, value must be between 0 and 23.
45 11 If entered, value must be between O and 3.

is the weapon yield in kilotons, This value must be specified.
is the transport time limit in secunds. If no value is entered,
a default value of 200000 seconds will be assigned.

is the number of input wind levels, Leave blank or enter zero

if wind conditions of the previous problem are to be used, (See
4-c, Wind Data Specification, for maximum value of NWIND),

is the wind data format code. If the entry is blank or zero, a
default value of one is assigned. (See 4-c, Wind Data Specifica-
tion, for an explanation of the wind data formats,)

is the number of output maps requested for this problem,

is the number of cloud subdivisions to use in the current problem.
If a blank or zero is entered, the program will compute an ap-
propriate value based upon the weapon yield., Values larger than
15 may result in excessive computer time, Generally, it would

be better to allow the program to compute this value.

is the particle gradient code. If a blank or zero is entered,
the program will assign a value of one, A 1 requests the pro-
gram to trace the fallout pattern with 25 particle groups, A 2

requests the program to trace the pattern with 13 groups. A 3

it
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requests the program to use only 9 groups. The latter value

should be used only if computer running time is an important

factor,

C. Wind Data Specification

Wind data may be specified in one of four formats, The
KDAT entry in Column 30 of the problem specification card indicates the
format that is used. If KDAT is a blank or zero, Format 1 is used. When

Format 1, 3, or 4 is used, the maximum number of wind levels (NWIND) is

A LT

40; when Format 2 is used, the maximum number is 15, The wind data

specified for the last wind level is considered constant for altitudes

TR

above that level. For Format i, the wind components are in the direc-

TR

tion that the wind blows. For the remaining formats, the direction

shown is that from which the wind blows.

Wind Format 1--Wind data are specified by altitude and by x

i and y components. The data for three altitude levels are en-

tered on one card. Use as many cards as needed to specify all

2 data:

é Columns Format Data

ig 1-8 F8.0 Altitude level in meters,

e 9-16 F8.0 X component of wind in meters/seconu.
3 17-24 F8.0 y component of wind in meters/second.

;V 25-48 3F8.0 Data for next altitude level.

49-72 3F8.0 Data for next altitude level.
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Wind Format 2--This Tformat is used by the U.S. Weather Bureau;
A in it the wind data, at specific atmospheric levels, are
? specified by compass direction codes and speeds in meters per
; second. The compass direction codes are:
01 = NNE 10 = SW
¢ 1 02 = NE 11 = Wsw
03 = LNE 12 =W
=3
2 04 = E 13 = WNW
5
4 05 = ESE 14 = NW
> 06 = SE 15 = NNW
4 07 = SSE 16 = N
‘i‘
E 08 = 5 20 = calm
5 09 = SSW
; The data are for 15 atmospheric levels:
(1) 950 millibars or 500 meters (9) 150 mb or 14000 m
(2) 850 mb or 1500 m (10) 100 mb or 16000 m
(3) 700 mb or 3000 m (11) 80 mb or 18000 m
(4) 500 mb oxr 5000 m (12) 50 mb or 20000 m
; (5) 400 mb or 7000 m (13) 30 mb or 24000 =
: (6) 300 mb or 9000 m (14) 20 mb or 26000 m
3 (7) 250 mb or 10000 m (15) 10 mb or 31000 m
p: (8) 200 mb or 12000 m
3
L 39
5 4
e :
B 1
5;:
TS i
oo s vt




The data are entered on two cards with the following format:

Columns Format Data
1-7 7x Identification (not read by progrem).
8-9 F2,0 Direction code for Level 1,
10-12 F3.0 Speed in meters/second for Level 1,

13-17 F2.0,F3.0 Direction-and speed for Level 2,

68-72 F2,0,F3.0 Direction and speed for Level 13,

The second card has the same format; data for Level 14 are

entered in columns 8-12; Level 15 in coclumns 13-17,

Wind Format 3--Wind data are specified by altitude, speed, and

direction, Data for three altitude levels are entered on one

card, Use as many cards as needed to specify all data:

Columns Format Data
1-8 Fg8.0 Altitude level in feet.
9-16 F8.0 Speed in feet/second.
17-24 F8.,0 Direction in cdegrees clockwise from North.

25-48 3F8,0 Data for next altitude level,

49-72 3F8.,0 Data for next altitude level,

Wind Format 4--Wind data are specified in a second format used

by the U.,S., Weather Bureau, Data &re given by direction and
speed at specific altitude levels, The altitude levels are:
surface, 150 meters, 300, 500, 1000, 1500, 2000, 2500, 3000,...
increments of 1000..., 34,000 meters. Eleven sets of data are
entered on one card, A maximum of four cards may be used to

enter the data:

40
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Columns Format Data
1-14 14X Identification (not read by program).
15-17 F3,0 Direction in degrees from North (surface).
18-20 F3.0 Speed in meters/seconds (surface).

21-~26 2F3.0 Direction and speed (150 meters altitude),

75-80 2F3.0 Direction and speed (5,000 meters altitude).
Second card--data for altitudes 6,000 to 16,000 meters.
Third card--data for altitudes 17,000 to 27,000 meters.

Fourth card--data for altitudes 28,000 to 24,000 meters,

d. Map Identification Card

The map identification card is used to provide an identi-
fying title for each map requested. The user may enter any comment in
Columns 1 to 80 of this card. There are no volumn restrictions except
that the comment or title must be on one card only. There must be one
map identification card for each map requested. A blank card may be

used if no comment is desired for a particular map output,

e, Map Specification Card

The map specification card is use§ to define the area and
the size of the output map, The user specifies the x and y ranges, the
incremental values of the grid coordinates, and the format of the output
map, If the user wants the map grid coordinates to have the same lineer
scales in the x and y directions, he must specify the incremental values
in the same ratio as indicated in the format description below, For

example, the ratio for Format 4 is 6 to 5; therefore, if the x increment
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has been specified as 6000 meters, the y increment must be specified as

5000 meters if the user wants the scales to be equal., The grid points

in the x (East-West) direction are 0.6 inch apart. The grid points in

the y (North-South) direction are 0.333 inch apart for Formats 1 and 3,

and 0.5 inch apart for Formats 2 and 4. One map specification card must

be used for each map requested:

Columns Format Data

1-10 F10.0 Minimum grid value on the x axis.

11-20 F10.0 Maximum grid value on the x axis,
21-30 F10.0 Minimum grid value on the y axis.
31-40 Fl0.0 Maximum grid value on the y axis.

41-50 F10.9 X increment, in meters,
51-60 F10.0 y increment, in meters,

65 Il Map output format code, If specified, the value

must be between Q0 and 4, If a blank or zero is

entered,

Format 4 will be used.

Map Format l~--Double-space between grid points in the y direction.

Map values are in decimal format., Values below 1 are not printed,

wvhile values of 100,000 or above are indicated by $9999, The

x and y ratio is 9 to 5,

Map Format 2~-Triple

Map Format 3--Double
must be multipled by
value. For example,

9 to 5.

Map Format 4--Triple

space, decimal format, 6 to 5 ratio.

space, exponential format., Map values

the power of ten indicated above each
3
3.565 means 3,565, The x to y ratio is

space, exponential format, 6 to 5 ratio.
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£, Data Deck Setup !

The following is the order of the input data deck for a

SEER 1I irun:

(First problem)

(Subsequent Problems)

RUN IDENTIFICATION

RUN SPECIFICATION

WIND SPECIFICATION (1 to 14 cards)

MAP }DENTIFICATION

MAP SPECIFICATION

(Repeat map identificatior and map specifi-
cation cards NMAP times.)

RUN IDENTIFICATION

RUN SPECIFICATION

WIND SPECIFICATION (Omit if wind data are
the same as the previous problem; i.e.,

MAP IDENTIFICATION
MAP SPECIFICA N

(Repeat last 2 cards NMAP times,)

BLANK CARD (Follows last problem set to
indicate end of the input data deck.)
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III MODEL VALIDATION

A, Technical Aspects of the Model

The SEER II model is designed to simulate DELFIC-produced fallout
patterns at greatly reduced computer computation times. The outputs of

the SEER II model are print-out maps and tabularizaed data which provide

the following information:

(1) Map coordinates

(2) Normalized H + 1 exposure rates
4 (3) Fallout arrival times

(4) Cloud base at cloud stabilization time

i (5) Cloud top at cloud stabilization time
é; (6) Minimum cloud radius
; (7) Maximum cloud radius
§ (8) Cloud formation or stabilization time

(9) Radial expansion termination time.

*
The computer computation time for weapon yields in the 10-megaton

E- range is approximately 6 seconds per 1200 grid point run and approximately
‘; 3 seconds for weapon yields in the low kiloton range, The computer time
? could also be further reduced by decreasing the number of integration

E operations, e.g,, by increasing the incremental particle size ranges, by
£= increasing the incremental cloud layer thicknesses, or both, The results
i of these changes are point values of less accuracy,

‘; * cpc 6400.

preceding page blank

N ~ - <-
e 1 PR P vy S o R
B e T I T o A ey I T AT

PR N ESY 37'_7;;;",._‘.“ S SR £ 3T

‘e




S A S T A RN T T R TR TR L R R iR

RN R AT TR s I o s o o R AR SR TR

In its present state of development the model is limited in appli-
cation to 100-percent-fission surface bursts for weapon yields between

1 kiloton and 30 megatons, (An adjustment factor for less than 100 per-

cent fission could readily be inserted.) The model is also limited to a

static wind structure; that is, the model cannot handle wind inputs that
include wind vector changes with time or horizontal displacement. The

wind inputs are therefore restricted to wind vectors at various altitudes,

B. Comparison of Results

A criterion for the SEER II model is that it simulate DELFIC fallout
patterns, Good simulation requires the SEERR II fallout pattern exposure
rate contours to be similar to those of DELFIC in shape, size and orien-
3 tation, Since DELFIC produces irregular exposure rate contours with
highly diverse wind structures, it is necessary that SEER II also pro-
duce exposure rate contours that are similarly irregular with the same
input winds, With a diverse wind structure input, the DELFIC fallout
pattern no longer ~xhibits a hotline as a prominent pattern feature;
consequently the usual hotline comparisons, e.g., hotline direction and

4
k! : hotline exposure rates vs, distance from ground zero are omitted,

4 . The first pattern comparison is for a yield of 10 megatons and for

a 40-knot uniform wind. As can be expected for a -miform wind, (same

velocity and direction at all altitudes) the fallout pattern is long

i
i

é and narrow; the pattern is symmetrical, and a readily distinguishable
hotline exists through the axis of the pattern. The fallout patterns
for this constant wind case are shown in Figure 17. The length to width

ratios of these exposure rate contours are so large that it was neces-

-
o A A 4 sl B e

sary to foreshorten the patterns in order to display them, by applying
one scale for the length and another scale for the width, As can be
- geen, the lengths and widths of the exposure rate contours and the areas

within the exposure contours agree reasonably well. The difference in

46
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shape is obvious. However, if the DELFIC pattern were smoothed of its
apparent large-incremen: square-wafer effects, the shapes would also be

reasonably similar.

The fallout patterns that follow will be generated with wind struc-
tures that are variable in velocity and direction with altitude, Conse-
quently, they will not be symmetrical about an axis, In the fallout
patterns that follow, tle important features of comparison are: exposure
rate contour area size; exposure rat>» contour configuration; and pattern
orientation (i,e., the exposure rate contour area should not only be
similar in size, but the ground coordinate. covered by the exposure rate

contour areas should be similar),

»

The second and third comparisons of I.._.lout patterans are Texr moos
severely sheared wind for a 2-megaton and a 3C-iupz:on borci, respsctively,
These fallout pattern comparisons are shown in TFigures 18 and i9, _u-
cluded in each figure are the input winds, As can be seen in both com-

parisons, the fallout patterns are considerably wider than in the uniform

wind case, The exposure rate contour area sizes and configurations and

the pattern orientaticn are remarkably similar,

The fourth comparison is for a 2-megaton burst using a typical Fort
2 ¥Worth summer wind.4 The fallout patterns for this case are shown in

7 Figure 20, As can be seen, the fallout deposited in both easterly and
westerly directions and the patterns are not -at all typical of those

normally presented in fallout research literature., Nevertheless, the

5 SEER II exposure rate contours are remarkably similar to those of DELFIC

in size, configuration, and orientation,

il

The final comparison includes a DELFIC, a SEER II, and a WSEG® fall~

out pattern, The weapon yield is 1 megaton and the wind structure is as
e listed on page 7 of Seery and Polan,® These fallout patterns are shown

in Figure 21, The WSEG model pattern in this figure is an approximation
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of that shown in Figure 3.5 on page 25 of Seery and Polan,® The simi-
larities and differences in the three fallout patterns are obvious, In
this case, although the SEER II and DELFIC patterns were similar in or-

ientation, the areas within the 100 r/hr and the 50 r/hr contours are
nfigurations,

In general, the comparison of other SEER II fallout patterns with
DELFIC fallout patterns, as well as those shown here, indicate that the
SEER II fallout patterns will simulate DELFIC fallout patterns reasonably

well for i'eapon yields between 1 kiloton and 30 megatons for any common
wind structure,
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of that shown in Figure 3.5 on page 25 of Seery and Pole;n.8 The simi-~
larities and differences in the three fallout patterns are obvious, In
this case, although the SEER II and DELFIC patterns were similar in or-
ientation, the areas within the 100 r/hr and the 50 r/hr contours are

significantly different,as are their configurations.

In general, the comps son of other SEER II fallout patterns with
DELFIC fallout patterns, as well as those shown here, indicate that the
SEER II fallout patterns will simulate DELFIC fallout patterns reasonably

well for weapon yields between 1 kiloton and 30 megatons for any common

wind structure,
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IV STATISTICAL WIND VARIATIONS VS, FALLOUT PATTERN VARIATIONS

A. Purpose

Predictions of fallout from nuclear detonations are sensitive tc at

least two inputs: the fallout model used and the meteorological condi-

tions postulated. The possgible errorsg introduced into the prediction by

a faulty fallout model, even when information on winds is perfect, have

already been discussed, But it is also well known that the most detailed

fallout model in use (DELFIC) will fadil to yield good fallout predictions

if it is given inaccurate or incomplete wind predictions,

There are two essentially different problems in wind predictions,
One type applies when it is known that a nuclear detonation is going to

occur at or near a specified time, as in weapon tests or in simulating

actual nuclear warfare, In this situation, it is important to be able

to predict winds for a few hours or days in the future given meteorologi-

cal data now and in the immediate past., The essential questions concern

meteorological theory and observations about persistence and change of

wind fields., The other type of problem is peculiar to damage assessment

studies of the kind that SEER is designed for, Here, one in general does

not know the most likely time of detonation (although it is sometimes
postulated), For a given set of detonations and targets, the damage
assessor is most interested in what is the most likely fallout pattern and
what degree of variation from this mean condition is possible, The
answers to these questions possibly can be found by examining the sta-
tistics of wind data for the geographical locations of interest, The

purpose of this section is to investigate how the variability of winds
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affects the variability of fallout patterns, and whether relatively

simple rules can he generated for reiating the two kinds of statistics.

B. Discussion of Procedure

Winds vary in direction and speed aut different altitudes, geographi-
cal locations, and time. DBecause the winds at any time and at any loca-
tion can vary significantly with altitude, the number of distinctive sets
of wind structures is so large as to make the available wind frequency
data difficult to interpret. The variations in fallout patterns, on the
other hand, can be described by the distribution of activity deposited
within the pattern, by pattern size, by pattern shape, and by the loca-
tion of the pattern. Both the size and shape of the fallout pattern
and the fallout deposition within the pattern can be described by speci-
fying the sizes and the shapes of the areas within normalizad exposure

rate contours.

3 If the manifold ways in which a wind structure can vary could be

§ converted to only a few parameters to which fallout deposition is sensi-
3 tive, then the problem of relating statistical wind variations to sta-
tistical fallout pattern variations would become manageable. By this

4 means, wind variations that do not significantly affect the fallout

3 deposition pattern need not be evaluated statistically.

The primary wind characteristics that affect the size, shape, and
location of various fallout exposure rate contours can be reduced to
three parameters: the maximum effective wind speed; the effective wind

*
angular displacement; and the direction of the maximum effective wind

vector. These parameters are illustrated in Figure 22 and defined in

3 the next paragraph. However, variations in fallout patterns will occur

% even among winds defined by the same maximum effective wind speed and

effective wind angular displacement.

*
This parameter is rclated to what is often termed wind shear.
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Although many fallout models use an effective wind speed as a model-
ing pargmetef, our studies indicate that fallout pattern characteristics
correlate bes: with the maximum effective wind velocity. The effective
wind ve;ocity vector is commonly defined as the vector sum of the wind
vector velocities at each altitudeilayer divided by the number of alti-
tude layers from the weapon cloud altitude, e.g., cloud ceﬁfer‘altitudq,
to the ground surface. The maximum effective wind velocity is defined |
as the maximum effective velocity vector that is cbtained from any al-
titude within the weapon cloud base and weapon cloud top to the ground
surface. The effective wind angular displacement is defined as the maxi-
mum angle betweenAany two effective wind vectors for altitudes within
the weapon cloud. It is equivalent to the enclosed angle within which
would land all falling particles originating from any point vertically
above ground zero within the weapcn cloud. These paramoters obviously

depend on the postulated weapon yield.

The fallout pattern response to an increase in the maximum effec-
tive wind speed is an increase in pattern length, and the fallout pat-
tern response to an increase in the wind's angular displacement is an
increase in pattern width. Increases in both speed and angular displace-
ment are reflected in a decrease of the areas within the higher exposure
rate contours together with an increase of the areas within the lower

exposure rate contours.

The number of descriptive shapes ascribable to fallout patterns
is limited only by imagination. One quantitative measure of pattern
shape that can usually be easily defined, however, is the width to
length ratio. Our primary measure of shape shéll therefore be the ratio
of width to length. Other descriptive indicators of shape, such as
elongated ellipse, a fan shape, or a teardrop, could also be included
if useful. The maximum effective wind vector direction is the general

indicator of the direction of the fallout cloud movement from ground
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; zero, The maximum effective wind vector is alsov near the bisector of
the fallout mass, even though it may not geometrically bisect all of
the expesure rate countour areas. For thesc reasons, exposure rate con-
tour lengths are measured parallel to the direction of the maximum ef-
fective wind vector, and widths are measured perpendicular to this vec-
tor. The length is defined as the distance between the extreme upwind
and extreme downwind extents of the contour, whereas the width is de-
fined as the maximum of the crosswind distances between the contour
edges (see Figure 23). The width to length ratio is expected to de-
crease with increasing maximum effective wind speed or decreasing wind

angular displacement.

For a specific weapon yield, eacn wind structure--as defined by a
range of maximum ¢ 2ctive speeds and a range of effective angular dis-
placements-~will produce a fallout pattern with a range of exposure rate
contour areas and a range of width to length ratios. The application
of statistics to maximum effective wind speeds and effective angular
displacements, both of which incorporate variations with altitude, will

supply the statistics on exposure rate contour area sizes and exposure

rarve contour width to length ratios. Additional statistical breakdowns

= by descriptive shapes could also be made if useful. If the statistical
. distribution of exposure rate contcur sizes and shapes is known, wind
direction frequency can then be used to determine the frequency of fall-

out patterns by direction,

It is acknowledgea that only the effects of static wind structures
at fixed times and geographical locations are included in the general
3 analytical procedure suggested above, and that the effects of variations
of dynami-~ wind changes as a function of time and space are not included.

There s : several reasons for excluding the latter type of analysis.

Perhaps the most important is that data are rarely collected in such a

way that they describe the varying winds seen by a moving fallout cloud
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Even if this type of data were available, however, its resolution into

M ST TR g

quantitative relationships between wind variability and pattern varia-
bility would require a sophisticated model to handle this data and ex-

tensive analysis,

PRI

C. Procedure

The following steps appear to constitute a reasonable procedure

PR G AR T

for investigating the relationship of wind variability and fallout pattern

variability:

(1) Obtain wind data for a location (meteorological station),
The data are in the form of wind speeds and wind
directions, at various altitudes at various times

of measurement,

(2) Convert the data to effective speeds and effecvive
directions as functions of altitude. The altitudes of
interest depend on the weapon yields of interest, For ‘\\

example, if the pattern variability for a 1 megaton \

A ST EAYE I, * P MRS g SR P AT BN AR TN APy TR S S RO

\
s weapon is desired, the altitudes of interest aré between !
é 0 and 20 kilometers, The primary converted data of
% this effort are the maximum effective speed, the .
% effective direction, and the effective angular dis- ;-

placement for each set of wind data. Supplementary

P

data from this effort could include the Ffollowing:

(a) Sum of clockwise directional changes

R i

(b) Sum of counterclockwise directional changes

(c) Total directional change

(d) Net directional change

(e) Maximum ~te of directional change and corresponding

altitude

61




(£) Maximum speed and corresponding altitude and

direction

(g) Minimum speed and corresponding altitude and

direction

(h) Sum of velocities
(i) Average effective speed

(j) Minimum effective speed and corresponding altitude.

Variability in the supplementary data could create vari-
ability in fallout patterns, The supplementary data are

for determining the significance of this variability,

(3) Group the winds according to:

§ (a) Effective angular displacement (degrees)
4 a-1 0-10
| a=2  10-25
3 a=3  25-50
a-4 50-90

a=5 = 90

(b) Maximum effective 'speed (meters/second)

: b-1 0- 8
3 ! b-2 8-16
% é b-3  16-24
| b-4  24-32

b-5 > 32

(c) Combination of (a) and (b) above (i.e,, 25 subgroups

where a-1, b-1 and a-l, b-2 are two subgroups.

(d) Supplementary groupings
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Sum of clockwise directional changes (degrees)

d-1-1 0-10

d-1-2 10-25.

d-1-3 25-50 (ete.)

T IS N B R (s,

Sum of counterclockwise directional changes

; d~-3 Average effective speed (m/s)
! d-3-1 0- 8

st e DL

d=3-2 8~16

I

d-3-3 16-24 (etc,)

2y
s

(4) Find frequency distributions in Groups a, b, a and b in

combination, and a, b, and d in combination,

(5)

Select wind structures that are most closely approximated
3 , by Table 1,

(6) Run SEER II for all selected basic wind structures

(maximum of 25 rumns), Additional runs can be made for
winds that fit the same subgroup but nevertheless are

4 significantly different~-e.g,, Subgroups (a-3, b~3, d-1~1)

1 and (a=3, b~3, d-~1-3) are both in Subgroup (a=3, b-3)--

3 to ascertain the effects of these differences,

(7) Measure, from the SEER II computer run printouts, area

s sizes and width to length ratios of a set of exposure

rate contours, e.g., 5000 r/hr, 1000 r/hr, 500 r/hr,

100 r/hr, and 50 r/hr, Record supplementary comparative

shape descriptions,

e

L
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Table 1

MATRIX SHELL FOR COMPUTER RUNS OF MAXIMUM EFFECTIVE SPEEDS
FOR SELECTED ANGULAR DISPIACEMENTS

b For a Maximum For an Effective Angular Displacement of
Effective Speed of 5° 17° 37° 70° 130°

5 meters/second
12 meters/second
20 meters/second
C: , 28 meters/s« zond

36 meters/second

kL. (8) Apply the wind frequency in each subgroup as a weight

for the area sizes and width to length ratios,

"3 (9) Determine the following for each exposure rate contour:

3 (a) Mean area size

(b) Area size range for p * 0.50*

(c) Area size range for p * 16*

4 : *
L (d) Area size range for p * 2¢
r . (e) Mean width to length ratio

(f) Width to length ratio range for p * 0.50*

K (g) Width to length ratio range for u #* l.c*
. *
-~ (i) Width to length ratio range for p * 2.9
'f3 (10) Determine corresponding ranges of wind variability for
f? the ranges of fallout pattern variability,
<;' (11) VUsing supplementary data on Subgroupings d-1, and d-2,
"? provide pertinent supplementary statistical breakdowns,

u = meau, ¢ = standard deviation,
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(12) Using supplementary data from Step (2a), determine

directional frequency distribution,

(13) Formulate zipirical relationships equating wind

variations to fallout pattern variations,

Wind Statistics:

(1)

(2)

(3)

(49

(5)

(6)

(N

(8)

(9)

(10)

Frequency vs, effective speed
Frequency vs, effective angular change
Frequency vs, direction

Mean effective speed

Mean effective angular change

Mean direction

Frequency between speed and angular change

ranges
Frequency of speed in directional range
Frequency of angular change in directional range

Frequency in speed and angular change ranges

in directional range

Pattern Statistics:

@Y

(2)

(3)

(4)

(5)

Exposure contour size distributions

Exposure contour width to length ratio distributions

Pattern direction distribution

Mean contour sizes

Mean width to length ratios
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(6) Mean pattern direction

(7) Frequency of contour sizes and width to length

ratio combinations
(8) Frequency of cont sizes in directional range

(9) Frequency of width to length ratios in directional

range

(10) Frequency in size and width to length ranges in

directional range,

D, Procedure Test

1, Conditions

The above suggested procedure for relating wind variations to
fallout pattern variations was tested with the wind data obtained for
Peoria, Illinois and a 1 megaton surface burst, The test was limited

to the fosilowing wind calculations and pattern measurements:

Wind

(1) Maximum effective speeds

(2) Directions of maxirmum effective velocity vectors
(3) Effective angular displacements

Pattern

(1) Exposure rate contour areas
(a) 1090 r/hr contoiurs -

(b) 100 r/hr contours
(2) width to length ratios

(3) Directions,
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The available Peoria wind data consisted of wind speeds and
directions at various altitudes talen at 6-hour intervals over a period
of 6 years, It was therefore possible to examine fallout pattern varia~
tions statistically for time of day and seasonal wind variations, However,
<ince specification of the time and season are not always done in damage

asgessment, the following analysis was performed only for the overall

annual statistics,

2. Results

Shown in Figure 24 are the daily wind variations over Peoria

Y A, YR TP o, P

in 1962 in terms of direction, effective angular displacement and maximum
effective speed. On most days, four observations were pade 6 hours

: apart; however, the number of observations on any day could range from

: none (no mark indicated in the figure) to four, The wind direction was
separated into sixteen sectors, and thus the shortest lines indicate
one-day direction variations of only 22,5 degrees, The ranges of effec~
tive angular displacement and maximum effective speed on any day are

as indicated. In most cases a single value (a dot) indicates only one

observation on that day rather than no variation within that day,

r Table 2 gives the wind frequencies within the maximum effective
! speed-~effective angular displacement ranges indicated for 6 years

of data, Figure 25 shows the directional frequencies, The mean wind

; direction is very nearly west-to-east (275°), and the standard deviation

} is 44°, The gpeed-angular displacement relationship is shown in

Figure 26, As can be seen (and as can be expected) winds with small

angular displacements occur more often with high speed and winds

with large angular displacements occur more often with low speeds.

The exposure rate contour areas of SEER II fallout patterns for
a 1 megaton surface burst and for selected winds--ones that closely

approximate the mid-value of the parameters in Table l--are shown in
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Takle 2

OVERALL WIND FREQUENCIES

For an Effective Angular Displacement of
Maximum Effective ) All

Speed 0-10° |10-25° |25~50° | 50-90° 90° | Angles

0-8 meters/second
Frequency 85 143 154 102 44 528

Percent 1.31% | 2,21% | 2,38% | 1,57% |0.68%| 8,14%

8~16 meters/second
Frequency 789 859 281 36 11 1976
Percent 12,17 13.25 4,33 0.5¢ |0,17 | 30,48

16-24 meters/second

t Frequency 1358 703 81 2 0 2144
Percent 20,25 10,84 1,25 0,03 0 33,07
! 24-32 meters/second
{ Frequency 1455 287 2 0 0 1744
Percent 22,44 4,43 0,03 0 0 26,90
> 32 meters/second
Frequency 81 9 0 1 0 91
g Percent 1,25 0.14 0 0,015 0 1,40
? All speeds
! Frequency 3768 | 2001 518 141 55 | 6483
Percent 58,12 30,87 7.99 2,17 0.85 100%

f Table 3, The ratios of the 1000 r/hr contour areas to the 100 r/hr con-
tour areas are shown in Table 4, The contour lengths, widths, and width

to length ratios for the 1000 r/hr contours are shown in Table 5, and

2

contour lengths, widths, and width to length ratios for the 100 r/hr

contours are shown in Table 6,

The trend in area changes is stronger with maximum effective

speed changes than with effective angular displacement changes. The
former relationship is shown in Figure 27, Conversely, length, width,

and width to length ratios of the 1000 r/hr contour and the 100 r/hr

T N A AR S e gl e
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Table 3

oo RGOS

EXPOSURE RATE CONTOUR AREAS

{square kilometers)

U N

Maximum Effective For an Effective Angular Displacement of
Speed 0-10° | 10=25° | 25-50° | 50-90°, > 90°

0-8 meters/second

Exposure rate 1000 r/hr 2,600 { 1,150 1,250 } 1,200] 1,200

Exposure rate 100 r/hr 12,500 8,930 8,370 7.4501 9,120
8~16 meters/second

Fxpcsure rate 1000 r/hr 1,907 990 790 L 9

Exposure rate 100 r/hr 3,940 , 9,770 11,200 | 13,000
16-24 meters/second

Exposure rate 100C r/hr 1,400 | 1,150 690

Expesure rate 100 r/hr 13,400 | 11,300 | 11,900
24-32 meters/second

Exposure rate 1000 r/hr 1,250 720

Exposure rate 100 r/hr 12,800 {11,800
> 32 meters/second

Exposure rate 1020 r/hr 1,080

Exposure rate 100, r/hr 13,600

Table 4

RATIDO OF 1000 r/hr CONTOUR AREA TO 100 r/hr CONTOUR AREA

Maximum Effective _F: an EffecviVe-Angular Displacement of
Speed 0-10° | 10-25° | 25-50° | 50-90°| > 90°
0-8 meters/second 7,1+ 10,1288 10,1493 0,1609| 0,136
8-16 meters/second | 0,191. |0,1013 | 0,0705| 0,0723
16-24 meters/second | 00,1045 | 0,1018 | 0,0580
24-32 meters/second | 0,0977 | 0,0610
> 32 meters/second { 0.0794
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Table S

1000 r/hr CONTOUR AREA LENGTHS AND WIDTHS
(k*lometers)

Maximum Effective For Effective Angular Displacements of
Speed 0-10° |10-25° | 25-50°| 50-90°] > 90°
0-8 meters/second
Length 188,3 69.2 61.5 44,0 25.5
Width 20,7 22,2 26 .4 38,0 7.7
Width/Length 0.11 0,32 0.43 0,86 3.05
8-16 meters/second
Length 190 .4 116,0 58.0 5C.0
Width 20,0 17,5 18.0 38.0
Width/Length 0.11 0.i5 ¢,31 0.76
16-24 meters/second
Length 116.0 82,0 47 .2
Width 14.6 17.2 19.2
Width/Length 0.13 0.21 0.41
24-32 meters/second
Length 123.0 69.6
Width 11.6 12.1
Width/Length 0,094 0,22
> 32 meters/second
vength 116 .0
wWidth 100
Width/T.eugth 0.086

contour aire more readily related to the effective angular displacement
narameter, These relationships are shown in Figures 28, 29, and 30,
The statistics of fallout pattern characteristics can be determinea by
weighting the pattern features from Tahles 3-6 by the wind statistics

from Table 2, The contour pattern statistics are shown in Table 7,

The wind statistics in Table 2 also lead to the following wind

stalistics:
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Table 6

100 r/hr CONTOUR AREA LENGTHS AND WIDTHS

(kilometers)
Maximum Effective For Effectige Angular Displacements of
Speed 0-10° 110-35¢ | 25-50° | 50-90°| > 90° |
0~-8 meters/second
Length 649 .4 196.6 200,0 106,0 96,2
Width 37 .4 68.6 84,9 106,0 190.0
Width/Length 0,058 0,35 0.42 1,00 1,98
8-16 meters/second
Length 571,1 492 .0 260,0 142.,0
Width 36.0 48,8 82,0 148.0
Width/Length 0,063 0.099 0,32 1,04
16-24 meters/seconu
Length 700,0 300.0 194.,0
Width 34.0 55,0 114.,0
Width/Length 0,049 0,18 0.57
24-32 meters/second
Length 532.,0 360.,5
Width 37.0 62.3
Width/Length 0,070 0.17
> 32 meters/second
Length 837.0
Width 47 .4 -
Width/Length 0,057
1
Standard
Wind Paramecer Mean Deviation
Maximum effective speed, meters/second 18.75 7.21
Effective angular displacement, degrees 14,09 16,30
Effective direction, degrees 275 44

By the definitions used in this analysis, the effective direction of the

fallout pattern is identical tc the effective wind direction, so that the
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Table 7

FALLOUT PATTEXN STATISTICS

7 Standard

Parameter Units | Mean Deviation
1000 r/hr area km2 1267 318
100G r/hr length km 114 38
1000 r/hr width km 16.8 6.9
1000 r/hr W/L ratio | -- 0.193 0.267
10C r/hr area km2 11,590 1621
100 r/hr length km 496 168
100 r/hr width km 48.6 22,7
100 r/hr W/L ratio - 0.150 0.224
e N R

statistics of the pattern direction coincide with those of the wind di-
rection, Thus, the mean pattern direction is the same as the mean wind

direction, and the distrihution of directions is the same.

It is interesting to see whether the same argument applies to
the other fallout pattern characteristics., The values shown above were
used to generate a fallout pattern for the mean wind and for given ex-
treme winds. (Although a specific wind could have been selected to re-
produce these parameters, the pattern features were instead obtained by

interpolation in Tables 3-6,) Tke results are shown in Table 8.

Comparison of Tables 7 and 8 shows that the fallout pattern
derived from the mean wind field closely approximates the mean fallout
‘pattern. Furthermore, the deviations predicted from deviations in the
winds are often good approximations to the observed fallout pattern de-

vistions, The only exceptions are in the pattern widths and width to
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Table 8

FALLOUT PATTERN FEATURES OF SELECTED WINDS

Parameter Units | Mean | Deviation*
1000 r/hr area kmz 1200 325
1000 r/hr length km 98 37.
1000 r/hr width km 17 2,3
1000 r/hr W/L ratio | -- .18 .08
100 r/hr area km2 11,500 1560
100 r 'hr length km 420 ’ 215
100 ¢/hr width km | 48 20
100 r/ar W/L ratio - .13 .14
oo st aren | s | o

*Root mean square of deviations obtained from
using mean wind speed with plus and minus

1 o angular displacements and mean angular dis-
placement with plus and minus 1 ¢ wind speeds,

length ratios, particularly for the 1000 r/hr contour, Finally, it was
determined that much more of the variability in pattern features was
accounted for by variability in the effective singular displacement than

by variability in the maximum effective Speed.

3. Discussion of Results

The results of the test of the procedure to relate wind vari-
ability to fallout pattern variability show that the procedure appears
to be effective. Even though the test was orly exploratory by nature
(in that it lacked the detail and refinement of a complete test}, it did
reveal the more prominent relatiorships between wind variability and

fallout pattern variability, These relationships were previously shown
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g in Figures 27-30, and in Tables 7 and 8, A more complete test will
L % undoubtedly reveal other more subtle correlations as well as the rela-
é % tionships for the entire fallout pattern.
g To date, wind speed has been generally used as the predomi-
§ nant variable in modeling fallout, It is therefore a revelation that

the effective angular displacement has a greater effect on fallout depo-
sition patterns than speed. On the other hand, if the winds dc not

exhibit significant variatldns in effective angular displacement, then

ol

the effects of this relationship would be suppressed. Table 2 indicates
that about 60 percent of the winds over Peoria, Illinois have effective

angular displacements, with reference to a 1 megaton surface burst,

within the O to 10 degree range, Whereas most of the winds of Peoria

will produce long narrow patterns, i.e,, 1000 r/hr contour width to
length ratios of about 0,1 and 100 r/hr contour width to length ratios
of about 0,06, the percentage of Peoria winds that will produce wider
and shorter exposure rate contour patterns are not insignificant, Be-
cause fallout, especially for the lcwer exposure rate contours, takes
many hours to descend, it is also necessary to consider the stability or
persistence of the wind structure with time, By scanning the daily wind
direction variations in conjunction with the variations in the daily
effective angular displacement variations in Figure 24, it can be con-
cluded that where the time element is included, the occurrence of small
effective angular displacement winds over Peoria would be significantly
reduced, The relationship of the variability of the wind's effcctive
angular displacement to fallout pattern variability is therefore of

major importance,

E. Conclusions and Recommendations

The limited test of the procedure for relaciing pattern variability

to wind variability appears to be successful,
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A result of major importance is that statistical features of fallout
patterns (means and standard deviations of area, leungth, and so on) can
be predicted reasonably well from the patterns produced by the mean and
standard deviation wind parameters. This feature suggests that statis-
tical measures of fallout pattern variability can be produced for any
geographical location by using the wind statistics with SEER II or other

fallout models, rather than by applying the model repeatedly to the ob-~

served winds %o produce the statistics,

Another important result is that variability of angular displacement
in the wind (wind shear) appears to be responsible for the greater part

of variability in the pattern, whereas variability ir wind speed is

less effective,

It is recognized that these results are based on wind statistics
for only one meteorological station and are valid for only one weapon
yield, Although it is currently believed that the conclusions will be
strengthened with a greater variety of test cases, it is recommended
that the test be extended to several other geographical 1ocations* ard
severrl otker yields bafore great reliance is put on these conclusions,
It is also recommended that the effect of the other possible variations

mentioned in Part B be tested for significance,

Wind data for hundreds of other U.S. and foreign locations are avail-
able from the USAF ETAC; of these, the data have already been converted
into the coirect format for analysis for six other U.S. locations.
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V SUMMARY
1
The originally developed SEER simplified fallout computation model
provided symmetrical fallout patterns that simulated DELFIC fallout
patterns for moderately sheared winds, For highly sheared winds, how&
aver, DELFIC produced irregular patterns that could not be adequately
simulated by the original SEER model, Because of this inadequacy, a new

model, SEER II, was developed that would simulate DELFIC fallout patterns

for any wind structure,

SEER II and DELFIC fallout patteras for various yields and wind
structures were compared;, and it was found that in general the SEER II.
exposure rate contours simulated the DELFIC exposure rate contours in ;
size, shape, and orientation reasonably well, SEER II requires about 3
seconds of CDC 6400 computer execution time per 120C-grid-point run for
weapon yields in the low kiloton range increasing tc 6 seconds of computer
time for weapons in the 10 megaton range, These computer execution times

can be compared to about 2.5 seconds for the original SEER model and a
few hundred seconds for DELFIC, ]
1
A procedure to relate wind variability statistically to fallout
pattern variability was developed and tested, From the limited test
conducted, the developed procedure appeared to be successful, A result
of major importance is that statistical features of fallout patterns can
be predicted reasonably well from patterns produced by the mean and
standard deviation wind parameters, Another important result is that
variability of angular displacement in the wind (wind shear) appears to
ke responsible for the greater part of variability in the pattern, whereas

variability in wind speed is less effective.
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Table A-1
SZER I1 MAIN PROGRAM

TrRACE COC 6600 FTN v3.0-P26) OPTsy 05/09/72

PrULAY SFER ([VPUTs VUTPUT)

StEM [l MUQEL=-REVISE) SIMPLIFIED ESTIMATION OF EXPOS.TE TO

RADJATIUN MODEL

TLsnEL CU~RENT PRUJLE ,LENTIFICATION

" wEukON YIELD (KT). THIS vALUE MUST BE SPECIFIED.

TLivlT TRANSPORT TIME LI4IT (SECONDS)e IF NO YALUE IS
SPECIFISus DEFALLT vAL'E OF 200,000 sECOvOS wILL BE
ASSIGNED.

N Ivg VumggR OfF INPUT wIND LEVELS, ENTER gLANG IR o (ZERD)

1 wIND VAT& OF PHEVIOUS PROBLEM ARE TO 3E USEU.

LTS INPUT winD OATw FURMAT CONTROL INTEGER.

s 1 wIND DATA ARE ENTERED 8Y ALTITUDE (METERS) AND X AND Y
COMPONENTS (M/5EC)

s 2 aIND DATA ARE ENTERED [N #EATHER BUREAU FORMAT==CQuPaSS
JIRECTION CODE AND SFEED (¥/SEC) AT SPECIFIC ELEVATIONS

s 3 JATA ARE ENTERED BY ALTITUDE (FEET)e SPEED (FT/SEC)»
AND OIRECTION (DEGREES CLOCKWISE FROM NORTH)

=z & DATA ARE ENTERED In SECOND WEATHER AUREAJ FORMAT=«
OIRECTION Iv DEGREES CLOCK/ISE FROW NORTA AND SPEED
IN M/SEC af SPECIFIC ELEVATIONS

NMEP NJYBER OF QUTPUT MAP REQUESTS
NLVL NJMRER OF CLOUD LEVELS 10 JSE IN CURRENT 2R09utMe IF &

SLANK OR 0 (ZERQO} 1S ENTEREDy PROGHAM wltlL COMPUTE aN
APPROPRIATE VALUEs IF ALVL IS SPECIFIEDs VALJE MUST 3E
JETwEEN 3 AND €3, VALUES LARGER THAN 15 MAY RESULT IV
EXCESSIVE COMPUTER TIME, IN GENERALy LET THE PROGRAM
CUMPUTE 1nlS VALUE,

KPaR PARTICLE GRADIENT CODE.

=z} THACE HOTLINES wITH 25 PARTICLE GROUPS. #AEN A HLANK
0% ¢ (ZEHO) HAS gEEN SPECIFIEDs A OEFAJLT VALJE OF 1
wlil JE ASSIGNED,

4 USE 13 PARTICLE GROUPS FOR THE TRACE

3 JSE 9 PARTICLE GROUPS FOR THE TRACE. USE THIS VaLUE
UNLY 1§ SHORT COMPUTER TIME IS IMPORTANT

TITLE CURRENT Mav¥ TITLE OR IDENTIFICATION

AMINoXMAX SPECIFIED RANGE OF X VALUES FOR CURRENT uAP

TINsYMAX  SPECIFIED WANGE QF Y VELUES FOR CURRENT vap

JELXIUELY SPECIFIED DISTANCES BETWEEN GRID POINTS ALONG THE X AND

Y AXES FUR THE CURRENT “3P REQUEST

LMbP uaP FORMAT CONTRIL INTEGER
z | DOUBLE SPaCEe OECIMAL FUXMATs 9 TO o RATIO ON AXES,
x 2 INIPLE SPACEs UECIMAL FORMATY & TO 5 RATIO ON AXES.
2 3 )JJALE SPACEs LXPONENTLAL FORMAT, 9 TO > HATIQ ON AXES.
Y T<1PLE SPACEs tXPONENTIAL FOR4AT, ¢ To 5 2aT[D ON AXFS,

COMMON /INOAT/ moAL o TITLE(R) o TLIMIT

ZARHAYS J-AY (269231 9XHAY (20923) 1 YRAY (26923) +GORAY (269230
FTAAT(2b923) 4RUNAY (29+27) sORATSA(26423)
NLVL O ISMAX oD ISMINGKPAR KA KB INTAR

7EQURAY/ XN (2692) vYLRICH92) 9 ILRI2602)

7aNUATAZ ALT(M0)y UX(%0)y DY (4J) 0 NWINDs KOAT

/CLUAFAZ ACUOACT oRMINIHMAKe TSRy TRMAX yRATTIO»TQAIRATA

/MAP/  RMINIRMARs YMINo YMAX o DELXoOELY oL MAR ¢ T XM TANAR,
YAXISI500) 9 XaKIS (20

VIMENS12¢ TLAJEL (M)
UATA ASTAR 7 3ne & @ o &

READ 930 (TLABEL(I)y J214B)

) FORMAT (BAlV)

KEAD 90V as TLIMITe NWINUs KDATs SMaPy NLVLe KPAR
FORMAT (2F11,0, 1415

IF
IF
IF
1¢
KA
IF

tw oEQe D¢} CALL ENIT

(FLIMIT LE9, 04) TLIMIT = 20000),

(XOAT oE2+ ¢) XDAT 4}

(KPAR oLlTe 1) XPAR 8 1 8 IF IXPAR ¢GT» 3) APaR = )
= 2 s <8 s 2~ $ NFAR = 2%

(KPAR ,EJ, 1) GO 0 }2
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Table A-1 (Concluded)

SEEH r4aCt COC 6800 FIN V3e0eP2¢) OPT=y0 0S/p9/72

LY 3% B $ <5 8 21 3 NPAY iKY
1F (KPAA LEJ, 2} S50 (0 12
A s o $ %6 = 29 3 NPaR ® .
12 IF (YLvl JEv, ' ~Sbyl = aALOG(a) o 3,0
IF INCve oLTe 3) NLJL ® 3 S IF INLVL 40T, 23) NevL v 23
LF (umivg oEds ) GV TO 30
Nald B NalN)
w Ty (¢ 159 2Uy 25) ¢ KUAT!

azATAER SUACAY FORMaT
15 READ 91re X1 IYLIie 24)eNAIND) s G TO 49
1y FORKMAT (/x4 13(F2s0s F3.00)

ALTITUOE AND R, 7 CLUMPONENTS OR ALTITUDEs SPEEDe AND DIRECTION
20 READ 92%9 (A T{I}e DA(L)s DY(I)e IS1eNWIND' S GO TO &V
929 FURMAT (9F 4,y Ba)

SECOND wEATHER SUREAV FORMAT
26 hEAD 9259 (OA()e UFLL)y LsLeNwIND) $ 60 Tn a0
925 FONMAL (184, 22FI, )
3) Yel¥o 3 Va0
ey CALL FEATUA ¢ CALL PARTLP
PRINT 950 ASTAAeaSTARIASTARSASTAR {TLABEL (1) olny o) oo TLIMIT,
] ACdsATT NI RMAKI TSR TRAAXASTARIASTAR
oV TU (829 w6y by +3)e XUAT
a2 PRINT 970s LALT(L) e Ox(f)e OY(])e [s]enwD} ] 30 TO a8
43 PRINE 9700 (ALTII)e DACIYe OY(L}e ImisnwD) $ GO0 10 48
6 VRI4T T2y (ALT(f)e IR(IDe OY(1)e IxlenwD) S 30 T) a8
“b PRINT 27wy (ALT(1)s UXUL)e )Y (1)s InleNwd)
A CALL IVTENS
wRINT 962
YU 53 1A = 5 NLVL
PRINT 9359 (TQsloURAT(LIA) 9 XHAY(193A) oYRAY (191A) ¢3DRAY(I0]IR) s
1 FIQAY([yIA) sRORAY (JoEA) yORATSA(ToIA) e Is1eNPAR)
3¢ CuvliniE
P (9vaP o2, ) G0 TV 10
Shoo FIENT > CaLy Evbe
JO 6y IA = 1o y9¥AP
SEA) 39y (TIILECL) s [m1e8)
Rod) 9390 AAINIXMAKY TMINSY TMARKIDELXY JELYSLNAP
935 FOR4al (nF[0edy IS}
CALL [wab
IF (o4aP onde 9) LMAP =
63 JONTivug
w0 TJ 1o
43, FOAMAT (1ML /7 374 2ALG// D8Xe SSIAPLIFIED ESTIMATION OF EAPOSURE
1 TO RaJOIATI)INV (SERR) MUJEL ® 7/ STAs 2A10 /7/7/ 19%» ®RUN [DENTIFIC
AT du==® HAlY /7 J)Ae TAEAMON YIELD® 774 F10,19 & KILOTONS® //
3 394y STRANSPORT TIME LIMIT® T77y Flne)e ® SECONDS® // 39X, *CLOUD
* BAsce (77, Fa),le ® METERS® £/ 39X, ®CLOUD TOP® 777+ Flu,ls o wET
SER3® /7 39ty eM[NIMUM CLOUD RADIUS® T77s Floele ® METERS® // 39Xy
¢ AAKI4UA CLUJD Fauluse TI7, F10.0+ @ METERS® o/ 39xs «CLOVD FORWA
IT3uN TIME® 779 F1Q419 ® SECUNDS® /7 39Xe ®RIDIAL ECPANSIUN TERMIN
dATIOV TEME® TT7¢ Fl), 4y ® SECUNUS® /// 4€Xe AlO, W[V HOVOGRAPH A
1 2RUUND 2ExD # Al) 27}
955 FURMAT{//1ny 1A% Tile ®[® T15, ®EAPNSURE KATE® T35, #X METERS®
1 Toyy ey METERSe 162, ®GRUUND DIST® 779y oFALL TIMEe Y97, eHADIUSe
2 T1a8y *003¢ AATIU® /7 (206s IPTE]S.e))
3499 FOudar (inl)
974 FURHAT (eSae eaLTIIVUE X COMPONENT Y COMPONENT® / 45X
1 *(NETEWS) (M/SEC) (M/SECI® 77 {372y 3 1ee2))
972 POMMAT [Teqy ®ALTITUDE®, Toas ®COMPLSS®s TThe SSPEED® / 1499
1 e(mapTeRrSI®y 183y SDIRECTION®y TTT, ®(M/SEC)® 7/ (GUXs Fib.2y
2 rl2.0y r13.0))
/6 FOHMAT (etiXe ®ALTITUDE SPEED DIRECTION® 7 «9Xs *(FEED)
1 (FT/SEC) (DEQREES)® // (60Xy F16400 F13,00 F11.0)
176 FOHUMAT {99 ea TITUDE®s TOHMODIRECTION®s T78, @SPELD® / Tay
I S(METERSI®y T6Je Y(DEGREES) %y TTTe ®(M/SECI® //7 (aUXs F164€y
2 1.0 Fi3.0})
tNY
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Table A-~2

SUBROUTINE FEATUR

SUBKOUTINE  FEATUR TRACE COC 6600 FTIN VI, 0-P261 0PT=0 05/09/72 15.13.21.
SUBRUYUTINE FEATUR

SUBRULTINE TO COMPJTE VARIOUS FEATURES OF THE CLOUD

[aX o X ol

i S COMMUN 7CLUATA/ ACIACTyRMINIRMAX TSR TRMAXGRATIOTRASRATA
3 ZINDAT/ wo ALwe TLILE(R}s TLIVIT

[aXal

COFPUTE ALTITUDES OF CLOJY TOP AND CLOUD BOYTOM

ALs = 4 0010¢s)

. lo 18 (w oGTe 10,00 GO TU 10

aCl » 3500, o 4om0,271 = (11,0ey)ne2,87 3 60 1O 3%

IF (m +5T¢ 1U0LL) GO TOQ 2

ACl = 4000, ® We00,2362 - ,1)3,eu)®e],3 § GO 10 35
2y 3F (w o3Te 10C0e) GO T v

15 ACT = 4200 ® W®®0,.225

35 ACE = 1700,%4980,2636 = 331,0% 090,53} $ 5I 19 100

3y IF (w o5Te 20004} 62 1O v

©

: ACo ¥ 13350, ® wee(,290] 3 00 TO 45
o) IF (w +6T4*10000s) GO TO Dy
20 ACt = 18p0, * wo®0,2525
45 aCl = 5400, ¢ wee0,1759 ) 60 T0 100
50 aCl & 3iQ0, @ uoe(,2435
ACd = 1330, ® 89,2901
%
: 2b C COmPFUTE CLOUD FORIMATION TIMEy EXPANSION TERMINATION TIME, AND
[+ EXPANSIONSIATE CHANGE TIME

160 ISR & 204 ® (164020,VPALNew®ey,27)
IHRAX 8 2UU0v,000000,55¢
IF tw oGEe 10,3 30 TO 110
3C TRMAX 8 (1,084802,040000y4) & TRMAX [3 G0 10 130
110 IF te oL Ee 100, 60 10 1Y)
IF t» 6T+ LUOU.} GO TJ LIS
TRMAK 8 [],65504333%ALw) ®TRMAR 3 $0 TO 139
115 IF tw +6Ts 1000v,) GO TO l20
35 INMAL & (o®)8s,0830aLw) ® TRMAX $ GO TO 13D
120 TrMAx = 75 @ Taeax
130 1RA =3 (THAAR=TSRe1U00e) 7 343

[l o

CCRPUTE 4lnfY v AND MAXIMUM CLOUD RaDIE

o HMIN 8 350,04090,504 ¢ (350,0=100,%A(w082,4)% (1,004 )
Ib (w o Ee 10, o3Rs w ¢GE. 1V000,) 60 TO 150
1IF (e JLE. LUO,) G0 TC 1%

. NMIH B (¢Y9,00155%ALw0e]) & WNIN % G0 70 1S9

H 100 HMIM = (1,0086=400096%4) @ w4IN

) +5 150 AMAX ® 2200,0%w®%0,301% 4%%1,18

: IF (& oGE. 10004) GV r? 17y

‘ I (o oLEe 18,0 30 To lov

; AMAX m (,812354,020050ALuoA LN, ©® QMAX S GO TO 170

: 161, RMAX 8 (,6587,,17650A 9) © fuAx

50

[a¥s]

COMPUTE RATES OF RAUIAL EXPANSION

L/u "ATIU = (HuAR=]s]ORSIV) / {THMAR<TSR)
nAfTh = 0,1 @ quly /7 (TA=ISR)
FETURY

5 LNy

91
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Table A-3 3
SUBROUTINE PARTLP

SUNROUTINE  PaRTLP ToaCE CDC ARO0 FIN V3,0P241 OPTH0 05710772 17,36.,24,
SUHUNYT INF PALTLE
SUARGUTTIME TO COMPUTF LANDING POINTS (XRAY,YRAY), HORTZONTAL -

DISTAHCES TRAVERSFD (GORAY)s RADII (RADAAYYe TIMES OF FALL
(FTUAY) OF PARTICLL GROUPC CESCENDING FROW VARIOUS CLOUD LEVELS

a

aNHDH N

COMMON /WNNATA/ ALT(4F)y DX(40)s DY(AD) e NWINDs KOUAT
/SCHTCHZ XTAY(?6473),YTAY (764231 9GNTAY (26,23) oFTTAY (26423),
QNTAY (76423) +PARX (RD120) sPABY (RN 26) 9 D1iuA (2852) 3
ZARRAY /7 DRAY(P6423) 4 XHAY [26473) ¢ YRAY 126423) 1GORAY(26423)
FTRAY (2459231 ¢RDRAY (PA923) ¢DRATSA(26923)
NLVL 4DISMAX s NISMINGKPAR (KA KRR\ NPAR .
ZCLOATAZ ACHeACToRMINGRVAXs TSR TAMAXWRATTIONTRASRATA .
OTHMENSTION FTIME(R0,2R)y ELFVI(20) s ELEVZIAT)
1s DATA RAY 7 L307A30l,
OATA FLFV/ 50049 15004¢ 3000,s 9500049 700049 9000,¢ 10000,
1 12000, 14000,¢ 14900, 1RO0OND, 4 20000,¢ 26000,¢ 26000,
I10r0,, 16000,, 41000,, 48000,, 51000,, 54000,/ .
DATA FLEV?/ Aye 150,¢ 00,0 500, 1000,. 1500,, 2000, 2500,

PR > LN -

N -

13074 137744 | LI 1198, 1608, 141%, 142244
LRI 1439, 1486, 1454, 14624, 1469, 1676,
14834, 149040 1487, 150340 15100 181640 152240
192840 1534, 1539, 15¢8,0 1580, 1856,/

Sn DATA (FYIMF (1, 3)y Im)eBi0) / 60ee 118e0 1744 2300

2n ' 3000,4 4000,s 5000,y 6000,s 7000,s A000.s 9000,410000,, E
2 1100044120004013000,0140004¢15000,9140000417000,¢18000,¢ b
3 190004¢20000,¢210004022000,923000,024000,4250004426000,, ‘
4 270000028000¢0290004030000443300049320000,3300009340004¢
s 360004¢3R0C0e137000¢eIRNN0,939000,94000046941000, 7/
zg ~ x
DATA (FTIME(T, 1)y Tm],80) / 3249 63eo 9340 1230
t 151 179, 207, 233, 289, 285, 310,
1 IV, 387, 38n,, 402, A58, o455, 465, -
1 LY LI 506, 523, 542, 589, 8§77, $9%. ¢ -
In 1 613.0 LYL hep,y 65640 6AR, AR,y 695,
1 T0Tee 12049 22 IS L EPEY 75340 T84, T84
] Ta3. . 793, AD2, . Rlf,e 819, B27. B34,
] Ae2e0 A49, RG4 .y LU P LY P9 K78, , 882,
1 Hat., LE% P A99., 90640 99, LTI 919,
15 1 926,y I28, 4 33, 937, Y, 945,, 969,,
1 95%. 9874 LTI LT YYY AT, 24 Y 744
t Y740 930, ¢ AR, 986, 99, 991,/
NDATA (FTIME(]y 2)4 1ul4RA) / 47, 9340 13R,, 182,
' 27540 287,40 308, J4Ree INT,. 4280 462,
an ' IR, S34,, SOA, 602, 635, 667,4 696, *
' T2R 4 187, T84, Alé,s LT} I ROA,, 893,
] LI 982, 965, 9BR, 1010, 1031, 1051,
\ 1071es 1090, 1109, 1127, 116444 1161, 11770
1 1193¢s 120840 122%¢ 123700 12%0¢ ¢ 126400 127740
a5 1 1289.0 1301 130 172460 1375, 1366, 1397,
1
1
1
t

t P840 337, 389, 439, ¢ 4AG, 3760 5088,
1 431, 6Tk, 20,0 763, 805, LLT- 79 ARS, . B
1 924, 02,0 999, 1038, 1070, 1103, 1136, N
1 118, 119949 122940 1259, 1287, 1318,, 1341, N
L1 1 1367, 1392,, 1814, 1440, 16A3,, 1488, 1506,,
1 152740 1567, 1554, 18585, 1606, 1821, 1439,
1 188604 167240 16668, 1703, 1718, 173340 1767,
1 176160 1778, 178R,, 1801, 1813, 1828, 1837,,
» 1 1849,, 1280,y 1872, 1882, 1893, 1903, 1914,
6n 1 1923,0  1933,0 1983, 1952,y 1941,y 1970., 1978,
1

19R 74, 199%,, 2003.s 20110 2019, 202747
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Table A-3
TRACE
(FUIMF (T, &)y Is14R0) /
LIV 13,0 aTh,
77800 R30ee BRA. ¢

1136,0 1183, 1229,
1439,, 1478, 1515,
16RA,¢ 1719, 1750,
18004 1915, 1940,
20554, 20Thes 2097,
2192, 221040 22274
?30ARey 232340 233R. ¢
2607n 24204y 2433,
2493, 2504,y 291640
(FTIME(Lls S)s 121480) /
6190 49740 STa,0
934, 1001, 1067,
1373, 1630, 1486,
17620 1730, 18036,
2n4R,, 2087, 2125,
2799, 2330 2362,
250640 25330 25594
26804, 2703y 272540
2H29 44 PR49,, 2R64, 4
24sA,, 20715, 2992,
307140 I08S., 310040
(FTIME(T, 6}y Txl4RO) /
09240 588, 575,
1)0Pas Y)A0.s 175049
1621, 1688, 1754,
2080, 2117, 2172,
242540 ?‘7?.0 2517,
27274 276644 2004,
2980, 3012, 3045,
31964y 322340 325049
aiqn,, 604, 2R, ,
35814, 15624 3583,
IKA3,, N2, 3720,
(FIIMEIT, 7)o IsleBn) /
579, ¢ 48T, 794,
12950 13489, 1481,
19114y 1991, 2069,
2632, 2699, 2565, ¢
2A6%,, 2924, 2978,,
32314, 3278, 3324,
353hey 578, 3817,
RLLY N ARG, InTa,,
4031 405100 094
023240 4259, A2RS,,
4611y 44344, 4457,
(FTIME(T, B)y Ixle8n) /
L1 1Py L1 RS 94,0
15259 153740 ‘745,
22%4.y 7309, 2442,
P8713,, 2954, Inl2,
33964 3681, 3527,
A2,y 1999,, 3944,
420540 42544, 4302,
A52R., 457100 46123,
AR1240 4R40,, 48087,¢
50630 &N%64., $129, ¢
52874, $318es 5348,

AR P

(Continued)

COC 660) FTN V3.neP2hl OPYs0 05/10/72

T3ee
§38,
9374

1277,
1552,
178040
1968,
211740
2784,
235200
Pabb 0
252600

AR,

X1 F%)
1131,
154049
1R8],
216240
2392,
2584,
P47,
228740
300M,
A4,

103,

Tohe*
13340
181940
222849
?56200
7841,
3764~
12774
3451,
040
1739,

‘?lo'

89R.0

157].0
2145,
2679,
303240
3369,
365640
390440
412040
LR 18]
448040

142,50
105749
1852,¢
253240
3108,
350140
3999,
4349,
465449
492340
51619
5378,

93

144,
599,
988,
13116,
15a7,,
1808,
19K8,,
21364
22hl 49
236740
2458,
2537,
173,¢
723,
1194,
1593,
1925,
2197,

2134
659,
10390'
1386,
1622,
1836,
2011,
?15500
22717,y
2380
247040
2548,/
25740
196,90
125%,,
1664,
1967,
223249
2450,
2633,,
2789, ,
29234
3040,
3142,/

kLT
9Ih, e
18R],
1943,,
328,
2647,
2912,
31368,
3329
3497,
kLYY Y99
3174,
154,
1101.e
1748,
229240
2751,
31,
3458,
37300
3964, ,
8177,
43624,
4525,/

slA,,
12964
2057,
2707,
3259,
3716,
4104,
LT XY P
4734,
439,
52284y
LIS LYY

LYY
T17,.
10848,
1399,,
1655,
1864,,
2033,,
2174 .,
2293,
2394,
2482,

338,
865,
1315,,
1696,
2000,
2266, ,
2478,
2657,
2R09,,
2941,
3055,

398,
1019,
15524+
2002,
2377,
26A8,,
29406,
3166,,
3355,
3519,
3660,,

467,
1199,
1826,
2387,
2810,
3183,
3897,,
3766,,
4000,
4205, ,
4386,,

589,
1612,
2157,
2791,
3325,
3174,
4155,
4aRe,,
47734
5029,
5256,

17.36,26,
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Table A-3 (Continued)

SURROUTINF  PARTLP T24CF €NC 6600 FTN V3. 0-P26]1 OPTs0 05/10/72 17:33424,
: OATA (FIIME(1, Q)4 TsloHBA} 7 165, 326, 485, 640,y
: 1 792, 903ev  INBR,.  3237,0  1373,¢  1511.s 1667,
v 1 1779 1909, 2026,¢ 21610 22R2,44 2402, 281K,
H 17§ ] PRI2 .0 2163, 2A52,¢ 2959,y 3NAI,, 3164, 3263,
. 1 I360.s  S4,s  3SAA,, 3638, 3T24,, 3810, JR93,,
E ‘ 1 3975.¢ 4058, 4137, 4200, 4233,, 4355, 4426,
3 . 1 4995, 4563, 4630, ¢ 4498, 4759,, H2240 A8, ,
3 ¢ 1 a063,y  SON2,y 596y, S5117., S173,, S522m,, 5281,.
i 13n ] 637,09  S38h,0 5437,¢ SAMA,, 5517, 5548,y 5633,,
: 1 C6AN, 572640 S772,» SHiNg s SAK0, 536340 5966,
i 1 SORB.s (03040 4072, Alides 6153, 6194, 6232,
! 1 627240 Adlles 638G,  6387,9 Kb b,y 6461,/
H PATA (FTIME(T.10)s I2leRg) / 193, Iatl,, §57.4 T48,,
' 1135 1 92740 1102, 1274, 1442, 1608, 177049 1929,
{ ) 2088, ¢ 2237,0  2WT,s 2533, 267640 2817,  29%4,,
H 1 3089,s  A22d.+ IR,y Tl 35QT,, 3716, NI,
' 1 943,0 4060, 8169,0 427840  ADIRO,,  44B2,, 4381,
i ) 4678,  ATT3.0 486K,y 69564s  S045,4 S5132,¢ 5217,
i 1an 1 SI0Nes  S5IN2,¢ 5462, S581.4 5618, 5693, 5787,
1 C8an,y §912e¢ S9R2, $05140 6119,, 6186, 625240
; 1 731A.r K38,y HAGPLs  6504.e  6564,, 6423,,  6682,,
§ 1 673901 673hes 68534 6909,y  65k&,s  T019,s  T0T..
¢ 1 T12T e TI1%0es 723%.» T2RG e 73360 73879 T437.0
H 145 1 TaR&,s 7515, TE8Y,4  TA2j.e THTB.,  TT24./
! CATA (FII4E(T, 110, [214R0) / 226,  64B,.  K66,0  BED,,
i 1 1109)e0 1297,¢ 1500, 1698, ¢ 1894, 2085, 2273,
: 1 2687.0  2637.¢ 2814, 29B7,¢  3157,4 3323 486,
. 1 3Ae5,.  IR0L,, 3051, 4162,, 4248,, 4390, 4530,,
i 154 1 b,y 4739,, 8329, SUST,, SIAl,, 5303,, 5422,,
: \ S93R,s  5852,, 5763,, SAT2,. S979,, 8783,, 6l86,,
; 1 h2RA £365,, 6882 ,4  A5TT,¢ 6870, 6Th2,, 6853,
. | 6942.0  702%,0  T115,s 7199,  T2R2,y TI54.9  Tébb,,
2 . 1 7523.9  TANTee  THT o3 775300 TB39,,  T904,¢ 7978,
E? t 155 1 HOSYas  B12eev  R19%.0  APATes 3337,y  Be0T.s  B4TH,»
= H 1 RS6d,s  AB11er  RO7T,4  RTAY,y  5BAR,,  BAT2,,  A936,.s
b ] HOQR,e  INBOLe 9127,  SiB2er 924249 9203,/
- DATA (FTIMEL]912) 0 Tz=leHO) 7/ 2h8,. 7640 78040 1031,
! 1 1278,¢  1520.s  1758,5 197143  2271.¢ 2435,0 2667,
P 16n 1 280R3,, 1095, 330%,¢  3507,¢ 3707, 3903,s 4095,
1 O2R3,0 6487,y  AKMT,y  MR2X,e  A00,, 5168, 5329,
1 5490, KH4A, . SR0P. 8356, 6102, 5246 .0 6388, ,
1 KG264.9  KBB24y 6795, K928,  70%2,, T177,, T7301,,
1 743140 75604 TASR.e  TTT{es  1J%&,,  T995,,  A10t.s
148 1 A21200  A31T7¢s  Be21,,  RS2),, ABS34,, AT24,, AN2I,,
] RYZ21,¢ Q01R, 9118, 921149 G305, 9399, 9492,
1 9%Re.e 9675, 9768, 0853,  9941., 1002R., 10114,
1 1n2n0tee  102R4e¢ 10367,y 10450,s 10531y 10612.¢ 10692,
1 InTT1ee 10B8Q,¢ 10927.¢ 11003¢s 110799 11153,/

170 DATA (FTINA(1913), 121480) / 310 619, 92240 1218,/

1 1S10.e 1797, 2079, 7358, 2627, 2893, 3156. ¢

1 12, 3865, 3911,s  A18%a,4 4391, 4625, ARS,,,

1 G077, 529k, SS1t,y $720.¢ 5926, 6127, 6324,

1 651640 670640 6890, 707260 7249, T423, 7882,

M B ) 1 7749, 792240 R082,» R23Q, 8391,, 0844, 85693,

1 RHAN, LLLT %Y 9125.¢ 268, 4 4N, 9836, 9669,

1 LLI3 Y 99314 10061,¢ 101899 10317,y 10363,4 10568,

1 10602.9 1081Ses 10935.4 110S5Tes 111764, 1129, 11410,

1 1162Res 110499 1175%.0 1196549 11977, 12087¢s 121968,

1R~ t 1230640 12811,0 12517, 12622, 12726,, 12829,4 12931,
1 13032.0 1313249 13230,0 13328, 13424,, 13810,/

DATA (FYIME((o14), Usl,A0) / 37340 TY9.. 11000 1454,

1 TR0, 2145, 2483, 281 %, 3119, 3458, 3773,
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SHRROUTINE  PARTLP TRACF

Table A-3

AR

RN iy P

e wae Soamawme - R4

=

1 4090, 4383, 4670,
1 HNBO.y 6363, 6602,
1 T81% e AR08,y 8267,
1 932140 9519, 971440
t 10638.9 10R16,y 10988,
1 11839, 12005,s 12177,
1 12980.9  1312%.¢ 13279,
] 14029,¢  14175.,¢ 16320,y
1 15927,4 151066,¢ 15301,
1 16988 ,4 160940  16221,¢
DATA (FTIME (141514 Inle80) /
i 215400 256440 2968,
' ARR2, ¢ 5245, 5801,
1 7285, 760240 T4,
1 937749 9654, 9924,
1 112n6,0 11684, 11680,
t 12815,¢ 1303744 13287,
1 1433100 16539,¢ 14747,
1 157554 15935240 1614R,,
1 1710400 172%14e 17475,
1 JRIN&, 4 IASS]1.y 1A737,,
1 195899 197544 199174
DATA (FTIME(Io1h)y IsleHn) 7/
1 261ne0 IINTae 3697,
1 592640 4367, AR0D, ¢
1 BASK, o 9261, 9622,
1 11A15.,0 11754,, 12084,
1 1365hes 11986, 14254,
1 15702+¢ 18985,y 16265,
1 17632.4¢ 17899,, 18164,,
1 19462,¢  19717.4 19970,
1 2121240 2185h,4 21698,
\ 228R2+.y  23113ey 23341,
| 26859, 24663, 28RTI,,
DaTA (FTIME(1417)s 1uleRO) /
1 321440 BB, 443300
1 TI09es  TAST.r R4,
1 10932,0 1161040 11ARn,,
) 14210,¢  16538,¢ 14960,,
J 14991, 17379.s 17764,y
1 19430, 19995,¢ 2015449
1 22110 2248),, 220829,
1 24817., 24BT4,, 25209.,
t 2AKRSAH, e 2T18NA,. 27801,
1 29049.4 29375.s 29877,
1 31135.¢ 33434, 31689,
NATA (FTIME(1418)0 I=14A0) /
1 3973, ¢ YA LYY 5404,
t S0k, Q747.0 10421,¢
1 13683,0  14279,4 16R7R,,
1 17769,0 1A326,¢ 108873,
1 216891,0 21993,0 22699,
1 23910,y 25306,¢ 25A50,,
1 28197, 28659, 29116,y
1 11392,0 31841, 32287,
t F44R4,p  30914,0 3562,
1 IT425,9  370239,4 IN22R,
1 43i4hes 4051140 40879,
DATA (FYIMF (1419} 1=14A0) /
1 51600 S1C8er 715140
1 118R7,4 1279040 138A7,,

(Continued)

COC 6600 FTN v3,n-P26] OPTa0

4970,
ARS4,
ReRb,
9905,
1116340
123734
1343240
1646344
15437,
163440
449,
33694
595149
8219
101904
11911,
13478,
14952,
163624,
176510
1911,
20077.¢
5§38,
“nTf, e
7227,
9999,
12409,
14548,
165634,
18427,
2022149
2‘9350'
23568,,
P50M040
682,90
5027,
R923,
12341,
15377,
1A144a,0
2n0T1A.e
231 The0
75542,
PT819,0
2997h .0
319594
A2 .0
A219,.¢
11088,
1547%6,0
19409,
22980,
26331 e
2957749
327314
35768,
kLLYS P
4122249
10544
Al23.0
14664,

95

5255,
716240
8701,y
10093,
113%2,,
12494,
13543,
14606,
15571,
16470,
on2,,
375‘00
6203.'
8517,
10450,
12140,
13692,
151%5,,
16534,
17848,
190A3,,
202354,
1047,
4552,
Thée,,
10361,
1272744
14841 ,,
16819,,
18888, ,
20471,
22177,
23792,
25248,.
1313,
5613,
944040
1279%40
1578R,,
16520,
21073,
23517,
25A73,,
2“]3&..
3027140
32225,
1630,
69k,
11743,
16063,4
19940,
23467,
26800,
30014,
33173,
IS1AT,,
39012,
41547,
2096,,
Q0n4, ¢
156%0,

S%3h, 0
T304,
F912,4
102784
11503,y
126544,
13733,
18747,
157044
16892,/
1313,
413640
6631,
8809, ,
10707,
12366,
13907,
15357,
1672500
18025,y
19254,
20391./
159044
5617.1
LI 1.9%)
10718,
13081,
151304+
176924,
18944,
20720,
22414,
24014,
25488,/
1987,
6187,
Q94A, ¢
137239,
16198, ,
18001, ,
21429,
23859,,
26203,
20450,
kLALY P
32485,/
262649
T66), ¢
1239040
16439,
20465,
23351,
?726'0'
30469,
33613,
1660440
3939,
41904,/
3131,
10029, ¢
1628%,,

SA)0,»
7542,
9118,
10680,
11671,
12M13,,
13881,
168688, ,
15835,

1736,
4513,
6960,
9096,
10957,
12591,
14120.¢
15857,
‘6915"
1820844
196224

2103,

547540

ReSB,
11070,
13350,
15418, ,
17363, ,
19206,
20967,
22649,
24233,

2589,

6754,
10444,
13678,
16595,
19283,
21782,
24199,
26531,
287AY,
308%9,.

3207,
8367,
13026,
17299,
20081,
24422,
27133,
30941,
34050, ¢
37017,
39773,.

4153,,
10984,
17128,

oSs10/72

17.36.24,
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Table A-3 (Continued)

H SHRROUTTHE  PARTLP TRACE FfHC 6600 FTN V3.n=P26] OPTe0 05/10/72 17,3674,
% 248 1 17952, 1R765,4 19567,4 24353, P1128,, 21887,, 22637,
: 1 23375.¢  241064s 28826,y 25537,9 26218,y 26932, 27615,
: A | PR292e9 2R9594y 2942049 302T4ey 30925, 31873,y I2219,,
: 1 3286349 1I505.¢ 3A)AF,, 3IATBS,, 3I5423,, 216059,, 36693,
. ) A7325,4  37955.¢ 38584,y I92104r 39815,, 4045h,, 41076,
i 2%A 1 ©1693¢y 4230740 42917,¢ 4252%,9 44129,, 44730,, 45326,
’ 46918,4 46505es 4TNBA.y 47884, 48216,, &BA00,s 49360,
: 1 ©9912¢9 S045R49 50995,y 5152869 52047, 52351,9 53065.s
1 £3561s0 54086 56522,y 54987,, 55443,, 55886,/
: NATA (FTIMF11420) 1x1480) / 143000 2843, 20400 %6234
i 255 1 6999,  8349,s  96Ba.e 10997, 12297, 13574, 14838,
i 1 16086,¢ 17308,+ 185)5,, 19707,, 20879,, 22837,, 2317¢,,
1 24297,4 28399,¢ 26487,y 27556,y 2BA11,, 29644,, 30566,
§ 1 316T8es 326730 33659, 34637,0 3IB6A1,, INES57,, 3ITS01,..
i 1 IRA3T,e  39361.¢ 40279,y 411R9,, 42007,, 43002,, 43907,,
i A 1 44810,y 45712, 48A17%,, 47514,, 4B&13,, 49311,, 50206,
H 1 S110ney 5199049 . SPRTF,y  S3T68es 56647, 55526, 56402,
. 1 57272¢¢ 6SR139,¢ 59000.¢ SOAST,, 60707,, A1852,, 62389,
: 1 h32204, 5608149 HeASH,, 65660, 6645T,, 67242,, 68018,,
E‘ 1 6BTR249 695304 TN2TH ., 7100840 T17204, T2424,4 TI10.
H 26t 1 TITRSey  Ted42ee 75086,y 7571240 7T6324,, 76918,/
s JATA (FTIME(1421)y IzleA0) / 197300 3923,  SR6N, 7775,
H 1 967309 1156340 13396,+ 1521840 17023,0 108801¢v 20559,
3 1 2229n,s 24007,e 256Ra,, 2735%5,, 28934,, 3I0al6,¢ 32211,,
H 1 33787.0  38337,¢ 36869, 3AIVE,, I90A1,, 41321, 42766,
H 27n 1 GAIT8.y 4561200 oTO014,¢ 4RA0S.s A9TAL,, S1146,, 52497,
: 1 S3IR3IT,r S8162,9 56470, STTRI,y 59085,, H04O0L1,y 61706,
3 1 63011ey 6431hee 65620, 66923,¢ AR22%,, 69528, T0822.,
H 1 72116as TI00S.y 74691, TS972,4 TT774R,, T8817,, 19781,
: 1 R1N3S.y R2284.9 B3522,+ A4T52,, 85971,, AT181., ABIT?7,,
£ 2715 1 HA58240 90731ee 18RI,y 930299 94164, 95263.s 6356,
: 1 974264, INAB2,, V514, 100930, 101520, 102493,, 103439,,
. 1 1943664y 105265¢5 106184, 104998, 10TA2S,, 108626,/
i DATS (FIIMF(1,22)s 1314800 7 %504y  5675,, 8eA2,, 11263,
% . 1 1472340 JATA6.r  1988%,0 22103y 24738,¢ 27338, 29909,¢
$ N 24a 1 3246%¢¢ 3493360 I7427.¢ 39878, 422AT.e 446730 4702240
2 : 1 49347,, S1635,, SIRYA,, 5A23,, SBI?I,, 60485,, a2827,,
E: § 1 64T4%, ¢ 68853, 58639, TINL1,s TI0A2,, 75100,, 77116,
3 g 1 79119,, Allnl,s 83077,4 ASN3IV,s A6990,, RAGET,, 90904,
. 1 Q2RA2.9 94919,9 9774, 93729,4 1N06ALl,, 102620,, 104871,
A5 1 176504,4 10883640 110358, 1122AR,¢ 114171,, 116060, 117938,,
1 119800y 12165000 1238R1,, 125297, 1270902,, 128R70,, 130623,,
1} 13235800 1340630 13574R,y 13740869 1390310 140A274, 142199,
1 16377034 14624100 165709,y 1491504y 149548,, 150918,, 152244,,
1 15356Nee 15479 e 156011 1571860y 158329,, 189426./

= 294 OATA (FTIMF (1,231, luleRo) / 4417,0 8801,y 13162,y 17461,
1 217899 26033,9 30240, J4293,¢  IASH9,0 425700 46504,
1 SN5A3,0 54495,¢ SAIT2,e 6221249 65997,¢ 69748, 73437,
1 77091,0 RnbIN,, BR4252,, ATI®S,, 91271,, O94s2A,, 98005,,
1 LU1350,0 JN6T6,¢ 107971 ,4 111248,, 1144A8,, 117710, 120900,
29§ 1 126069, 127204, 130327,y 13342%,, 136522,, 139418,, 142714,
1 166807,y 10RRIT,, 151987, 18%070,9 158146,, 1A1214,, 164267,,

1 167309,0 170332, 173340, 176326, 179298,, 182234, 185158,
1 14ANn39,, 190900es 193722, 196517, 199249,, 2019A9,, 204681,,
1 207290, 209879, 212627, 210908,, 217152,, 21%732,, 222070,.
1 225030040 2265664y 228719, 230R27,y 2328A2,, PIGAMA,, 236761,
1 238626y 24081300 202152,0 243817,¢ 205433,, 246976,/

DATA (FTIMNE(1e26)y I2V4R0} 7 T567,9 150A8,, 22967,4 30000,
1 ITIRGE.r 445%1e0 S1916,0 590590 6614240 7I134ee A0065.¢
1 BOICTes  33677¢¢ 100360,0 10A9R2,9 11351040 119978.9 126345,
Ins 1 132652,¢ 11886%,¢ 145017, 151067, 157045,, 162027,, 168758,

', 96
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Table A-3 (Continuad)
SURROUT INE  TARTLP YaACE CDC 6400 FIN V3,0P26]1 OPTe0 05/10/72 17,386,248,
1 174536, 190279, 185970, 191620,4 197223,, 202784,, 208289,,
1 213?86 219161, 224536, 229A78,, 235248, 240830, 245047,,
T 251156, 256452, 26173,s 26700049 272243, 277468,, 282649,,
1 29780549 292914,¢ 297990,0 30301040 3079A9,, 31290%,4 I17773,,
31a 1 322564, 327303,0 371957, 336553, ISINSS,, 345492,, 149827,
1 3540931, 3%R262,4 362317,y 306278,4 370154,, 373010,, IT7S8Y,,
1 38112640 IRAS585.s 3IATIIS,.s 391158, 394270, 19729, 4001A9,,
1 402998y ANS6TT.s 408272,¢ 417T41,¢ 413128,¢ 415398,/
DATA (FTINE{(1425)¢ Tulolip) /7 14858,¢ 29019,¢ 43421, ST730,s
ns 1 7195240 3800060 99932, 1136914+ 1273360 140802,0 1564152,¢
1 167322, 180372, 193247,, 206001,, 218573,, 231022,, 243288,
1 255430, 257386,s  “3216,s 296A58,, 312361,4 113669,, I20ATS,,
1 33597300 30699940 ISTOIT.0 368761,9 ITOART,s 190335, 400664,
1 41111040 42102640 431673,0 441880,9 451070, 462068,y 4T2133,,
A2n 1 4821548, 492143, 502000, 511987, 521747, 531483,, Se1111,,
1 5506R0,s S60083,, 569416,, STAS9G,, SAT6AL,, %96597,, 605395,
1 614006,y 622487,. 630767,, 633907,, 646830,, 654603,, 662145,,
1 ARO%2T,, 6TASGE,, HAB6IG, . 690358,, 636912,, T03210,¢ 709337,,
} 71520640 720905., 720350,, 731624,, 736682,, T41513,, Ta61232,,
328 1 758593,y T854820., 75R894,, T62767,, T6645%,, 769984,/
c
CLOING = (ACTeACS) 7/ FLOAT(NLVLeY)
CLOHTY = aCR
00 190 1A & 14 NLVL
33 ALTA = 0,7 &  XDX 2 0,0 $ gy = 0,0 N
GO TO (200 40y 1204 100)e XNAT
c
c WIND DATA ARE GIVEN BY ALTITUDE (METERS) AND X AND Y (METERS/SEC)
€ . COMPONENTS
335 20 OXA = pX{1) & DYA = DY({})
00 3¢ IR = 1y NWIND
ALTH = ALT(IR) $ 0Ox3 = OX(IR) $ NYB s DY(INY
IF {CLOWT +LT. ALTB) GO TO 14a
XDX = XDX ¢ oK@ (ALYR=~ALTA)®(OXAeNXB)
340 YDY = YOY & Se(ALYR=ALTA)®:DYA+DYB)
U ALTA = ALTHA ¢  OXA = DX $§ OYA = OYB
30 CONTINUE
30 9 150
o
W [ #IND DATA ARE GIVEN N WEATHER BUREAU FCRMIT==(COMPASS NIRECTION
€. (DX) AND SPEFD (DY IN M/SES) AT SOECIFIC ELEVATIONS
40 NXA = 9,0 JYA = 0,9
IF (0X{l) LEQ, 204) GO TD 70
TANG & RAD & (DX(1)+8,0)
188 OXA » SINITANG) © DY(1) ¢  OYA = COSU(TANG) & DY{y)
70 D0 90 IR = 1y NWIND
aLTIIa) s ELEVITY N
ALTA = ELEV(IAY s oxa = 0,0 $ oY% = 6,0
IF (DX\39) LEQ9. 20,) GO TO A0
KL TANG = QAD ® (DX{18)e8,0)
OxX# = SINITANG) ® DY(IB) ¢ ~¥A = CaS(TANS) & DY+I§)
80 IF (CLOMT ,LLT, ALTA) 0O TO 140
XDX 8 XDX o (SO (ALTH=ALTA) ®{DXA+OXB)
YOY 2 YOY o oS0 (ALTH=ALTAY®(DYASDYR)
3en ALTA = ALTH s 0XA = 0OX8 DYa = NYR
I8 CONTINUE
50 7 1sm
[+
c YIND DATA ARE GIVEN IN SECOND WEATHER RUREAU FORMAT-«DIRECYTION 1IN
168 c OEGPEES CLOCKWISE FROM NOQTH (DX) ANp SPEED TN M/SEC (DY) at
c SPECIFIC FLEVATIONS
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Table A-3 (Concluded)

SURRDUTINE  PARTLP TRACE COC #h00 FTN V3.0«P261 OPTE0 05/10/72

100 ALT(1) = 0,0 & HON % 0,174533 & (OX(1)0184d,)
DX& = SIN(RNY) ® DY(1) $  DYA = COS(RON) ® Y1)
00 110 19 = 24 N4IND

: a7a ALT(IR) ¢ FLEVI(IR) §  ALT9 = ELEV2(IB}

| RON = 0174533 @ (DX(1B)e1an.)

: Dx4 = SIN(RDY) ® DY(IA) &  DYH = COS(RDN) # nY(Ia)

! IF (CLDHT oLTe ALTR) GO TO 140

H XOX = XDX o 0,68 (ALTR=ALTA) ¢ (DXA+DXR}

; 175 YDY & YNY o NGO {ALTR=ALTA)S({DYACDYR)

§

]

!

i

H

o _ALTA x ALTH & DPXa = DXB $  DYA « NYB
> 118 CONTINUE
g GO TN 180
i ¢
4 29n ¢ WIND DATA ARE GIVEN RY ALTITUDE (FEET), SPEED (FT/SEC)s AND
R c DIRECTION (DEGREES CLOCKWISE FROM NORTH)
e 120 KON = ,0174533 @ (DY (l)sla0,)
T . NxA = L3048 # SIN(RON) ¢ Dx(])
y DYA = ,304R & £OS(RON) ® DX (1)
e 385 Do 130 19 = 1, NWiIND
= ALYR = ,3048 & ALTIIR) &  RDN = ,A174533 * (DY(Ia)+1RN.)
K DX8 3 ,IN4A ® GIN(RON) * OX{18)
i OYR 3 ,304F & COS(ANN) ® DX (]R)
73 IFf (CLDHT (LT, ALT®) GO TO 140
ke H 390 DX 2 XDOX o 250 (&LYY-ALTA)® (DXASNXY)
B ; YNY 2 ¥DY ¢ Se(ALTA-ALTA)*(DYASDYR)

5

ALTA = ALTS §& OXA = DXH $ DYA e NVR
130 CONTINUE
. 60 T0 150
39% 140 FRAC = (CLNDHT«ALTA) /7 (ALTA-agTa)
. DX = DXA + FRAC®(DXA-DXA) $ DYR x DYA & FOLCOIDYRLDYA)
150 XDX = XIOX & JS@{CLDUT=ALTA) @ (DXASNXS)
YOY = YOY o oS5¢(CLDHT~ALTA)#(DYASDYR)
KO ® CLONT 7 %00,
400 FRAC s (CLOMTFLOAT(XD)®500,) 7/ 500,
X0X = XOX / TLOMT S YOY = YOY / GLDHY v
00 190 IR = 1y 2%. XKPAR
FTTAY(TR:TA) = FTIME(XDo1d) o FRACP(FTIME(KN4]4IR)=FTIVF(XDe18))
XTAY(1Re{a) = XDX ® FTTAYIIRsT&)
a0s YTAY(18418) = YDY & FYTAY(IR4]A)}
.. GOTAY(IBATA) » SORTIXTAY([R,TA)S#? & YTAY(IAe]A) #e2)
IF (FTTAY(IReTA) & TSR ,GF. TRMAX) GO YO 167
IF (FTTAY(INs1A) LGE. TRA) 60 TO 155
RT = RMIN o QATAPFTTAY(184¢11)
41 G0 tTu 179
155 RT = WHIN o RATTOOFTTAY({IRpa)
GO TO 170
160 T = IMax
170 ADTAY(IRef8) = AT
AR 182 CONTINUE
CLOMT = CLOKRT o CLOING
KC % 25 ~ KPAR
XTAY(2h9TA) & 2,08XTAN(25¢1A) « XTAVIKCeIA)
YTAY{2heTA) ® D, 08YTAY(PGyTA) = YTAY(KCoTA)
429 GNTAY (260180 = 2,08GNTAY(2R,14) « GDTAY(KCoTh)
FTITAY(26418) = FTTAY26,14)
RDTAY(26¢18) =& QT
190 CONTINUE
RETURN
425 END
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Table A-4
Cu SUBROUTINE INTENS

SUHROUTINF  IYTENS TRalx

gt

CDC 6600 FTN V3,n-P28]1 OPT»2 05710772 17,36,24,
SURROUTINE [VTENS

D P P R I P R S T T

C SUHROUTINE TO COMPUTE THE FALLOUT INTENSITIES (NRAY) AT KEY POINYS
¢

G COMMON sARRAY o::v«ab.?a).anvaze.zay.vnAV¢26.23)oeonnvczsozs).
FTRAY(26123) JHNRAY (26423) 1 DPATSS 126923) o
NLVLePISMAXsDISMINGKPAQ (KA s XRgNPAR
/SCRTCH/ XTIY(26023)cYTlY(ZéoZ!)oGDYlV(Zbo?J)ofoAV(?pr))o
INTAY(26423) yDTAY(28,23) yUDOAY (26,21) ,
JRATSBI26423) +RD (26) y0UN(5192)
/INOAT/ Wy ALWY TITLE(B), Y IMIY
JCLDATA/ ACAIACT 1 RNTNIRMAK: "SRe TRMAX s RATT00 TRASRATA
/EDGRAY/ XLR(2692) 0YLR(2642; ¢ LR (2692} .
DIMENSTON PERCNT (76) i
OATA (PERCNT(I)s121426) /7 30,02, 3e,028, 39,03y 30,035, 3e,04,
1 e, 005, Te,08, ,085 ,

b et o

Y

i

eI

%
<

%
4

—
>
PP SW Y

18

R R R T IRy

COMPUTE FALLOUT INTENSITY AT XEY POINTS WITW N CONSIDERATION
FOR OVEQLAPPING CLOUD LAYERS,
2n ALVL = 1,0 7 FLOATI(NLVLY &  OMI & 1,8 o ALVL
OLAYER 2 6,07755409 & ¥ ® FLOAT(KPAR) # ALVL
0CON = 10000, » 4#®,333333 s 0STP » DCON - TSR
NISMIN = 10,08412 3  DISWAX & g,
N0 S3 IA = 1, NLVL
’5 IF taL¥ .67, 3,3 go 10 19
G = (2,RS « ,038ALW) @ 30TAY(leTa) § gn 10 20
10 GD = (',03-,0447440ALW) & GOTAY{],1A)
20 FAC ¢ 0,5 3 [TIME « ¢
N0 40 18 = e 25, xPAR
n ORAT = 1,5 3 IF (ITIME .EQ. 1) 60 70 30
IF (18 ,€0, 25) FAC » 0,5 / FLOAT(KPAR)
AVENDS » DLAYERG°ERC“T(IQ:oFAC/(ﬂbTAv(Iq.IA)O(GDTAV(IQ.YA)-OO))
IF (HTTAY(19974) ,GE. DSTP) GO TO 28
ORAT 2 (HCON/(TSReFTTAY([Ho1A)) ) 600,35
3% IF {02AT 41T, 2,0) DRAT » 1,0 o 0,SepAar
PS IF (FTYTAY(I90TA)eTSR LT, TLIMIT) 60 Tn 35 ¢ fTyvg = 1
SASXY 2 (TLIVIT = FTTAY(IB=KPARsIA) « 7SR)
1 [FTTAYII3018) = FTTAY([A=KPARsTA)) '
nos = DTAV(Is-KPARo)l)‘O((SASXY-I.O)/SASXY)
4n IF (avEN0S 8T, TNOS) AVEDNS = TnAS
XTEMD = XTAY([Qe<PAR]A) + SASXYOIXTAY([901a) aXTAY(18=KDARs 1A} )
YTEMP 2 YTAY(rR=<PAR[A&) + SASXYSIYTAY(TAeTA)=YTAY{[3=KEARSA))
D1SQ = XTE1PeLTEWD o YIEwPeyY TEup
IF (DISMAX (LT, I159) DISMAX 3 D%

(s Re¥e)

PR L o)

yor

AR

o
A———

et
i e S o b e 00 W et g

PN —

i
1 45 IF I21SHIN 48T, 71S0) AISMINV = prSo
: GO T0 18
! 31 AVEDOS = o5 ® NTAY(19=KPAR,[A)
35 NTAY(1841A) 3 AVEDOS © DRAT
IF (NPTAY(IAeTA) JLT. OMI) GO TO I8
5 NIS2 = XTAYIIRWIAIOXTAY([He14) » YTAY (IR JAI#YTAY(IReTA)
57 IF {OISMAX LLT, D1S0) NISHAX = 01s0
TF (NISMIN .37, 31SQ) 2841V » nrso
33 DRLTST(13+TA) » JRAT ¢ 4D a GDTAYIIH 1A
45 CONTINUE B
55 NTAY (2641A) = 1,0
=
:
X
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Table A-4 (Continued)

ias me oy asumay

SHARNTINE  INTENS TRaCK CNC 6600 FTN V3,0-P2h] OPT=0 05/10/72 17,36,24,

TF (DTAY(PS,1A7 oLTe249) OTAY(2641A) = ,56DTAY(2%,1A)
CONTIAYF

P

RTINS

L1

Er¥a)

ESTABLISH HaDIAL DISTANCFS

LY VISHAX = SNAT(NISMAX) o QMAX $  DISHIN = SQRT(NISHIN)
DISYP = DISUAX < NISMIN $ APNY) = DISMIN

CON £ =, 13754 10FLNAT{KPAR)

DO AG Ta = 29 NPAR

RD(TA® = DISHIN o NISUPRIN, A% (CINOFLOAT (NPARCTA))

65 60 CONTINYE

[ CNURYTE VALMES FIR ALL RAUTAL POINTS :
N0 2R0 TA = Ll NLVL :
IF (AD(1) 6T, o3336GOTAY{1.I4)) GN TO Ta <
70 DRAY(1914) = 2,0 @ DTAY(1sTA) ® RNI1) 7 GOTAY(147A) 3
GO TO Ap 5
76 ORAY(1901A) = (46hh * ((o5%DN(1)w,1665*GDTAY({sTA))/GOTAY(1eTA))) @ B
1 OTAY(VeTA) 3
AN UDRAY(TsTA) = DRAY(I4IA) &  PRO = QD(1) / GDTAY(1.1A} !

7% XPAY(14IA) 3 XTAY(1414) & 00N & DRATSA(1e1A) = DRATSH(1s14)

YRAY(1414) = YTAY{1+1A) ® PRN &  GORAY(L.IA} s RD(1)
ADRAY(1,14) = OVIN ¢ PHO®(RNTAY(1s1a) <RMIN}
FTRAY(1+414} = FTTAY(]o14) & PRO
XA = x?v(1,78) € vA = vRAv{l,fa) §& IT s

L1 PINA 5 NRAY(le14) & DPTA = SNRAY(1s1A} $  FTA & FTRAY(1ela)
DRTA = NRATSA(1+TA) $  GNA s GDRAY()elA) ¢ IEND s 0

PR

FRPEEEN

DO

DETERMINE VALUFS AT RADJAL POINTS 2 THRU 26
00 254 14 =2 24 VOAR
LT3 ROSO 3 AN(In) » IN(IR) $ IF (1END .£Q, V) GO TO 190 -
100 XYSO 2 XTAY({IT.IA)SXTAY(ITeT4) » VYAV(!T.!I)'VTAY(IYQ}A) .
IF (XYSN +L.Te 9DSQ' 6O TO 160 $  NTNA ® NTAYIITeIA B
IF (XA LEQ. XTAY(ITelA)} GO TO 130
IF (YA LEQ YTAY(ITs14)) GO Tn 140
9N S 3 (YTAY{ITelA) « YA} / (XTAY{ITqIA} = XA) .
YO x YA - SeXa $ Sl z6lg e 1,0 $ SYH 3§ evd /s S)
XT 3 SART(SYQeSYD ~ (Y)®*YN=RDSN)/S1) % X1 5 «SY0 ¢ XT
JF (X& +3Te XTAY(ITel4)) GO TO 110
IF (X1 LLT- XA) X1 = =SYp « XT § 40 TO 120
95 110 IF (X! 6T, 2a) X1 = «SYH =« XT
120 Y] = Y0 o Sexil
SASXY = SORT(((X)=XA)#8Z o (Y1aYA)®e2} /7 ((XTAY{ITeTA)axA)O®2 o
1 (YTAY(1TelA)ava)0eD))
60 10 tgn

Lo

100

[a X3}

LINF {5 vARALLEL TO Y AYIS

130 X3 = ¥& € Y] = SQAT(ROSA=X1€X1) .
IF (YA GT, YTAYV(ITs14)) Y! = vl
SASXY = (Y1aYA) / (YTAY(ITeIA)=YA} $ GO TO 160

108

[e¥e

LINE 1S PARALLFL TO X AXIS
140 Y1 = YA 8 X1 ® SORT(RDSN=Y]eY])
IF (X4 6T, XTAY(ITeIA)) XY = =X}
SASXY 2 {(X1eXA) / {XTAYU(ITelA)=XA} $ 60 To 160

100
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Table A-4 (Concluded)

INTENS TQACE COC 6600 FYN V1,0-P24]1 OPTs0

KADTAL POINT 1S5 FARTMER THAN CURZEN: PARTICLE PAINT, INCREMENT
PARTICLE POINT AND UPDATE VARIAGLES
150 IF (IT ,£Q, 2%) 30 TO 189
X4 x XTAY(ITe14) s YA & YTAY(IT41A)
NINA = NTAY(IT,18) $  QTA = ANTAY(ITeIA)
DRTA = NRATSH(IT,IA} $  GOA = GOTAY(ITela)
FTA ® FTTAY(IT,TA) $ IT = 1IT ¢ xPAR & @0 YO 100

Xi AND Y1 MAVE BEEN OETERMINED. COMPUTE NTHER PARAMETERS,
160 DRAY(18¢14) 5 DTIA®S(],0~5AGXY) » OYDBas (SASLY)

ARAY LIRS () = x] 13 YRAY(IRe14) = Y

DRATSA(I3+1A) € JIATA ¢ SASXY®(DRATSA(ITs14)«DATA)

ADRAY (19¢14) w QT4 o SASXY®(RDTAY(ITy1A)=RTa}

FIRAY (TRsT4) u FTA + SASXYS(FTTAY(ITyIA)=FTa)

GORAY (19+14) = GDA + SASXY®(GDTAY(TT9TA)~GDA)

UDRAY (IReIA) a DIAY(IBe1a)

XA a x1 s YA = Yl % OTDA = DRAY(1Be1A)

RTA = RORAY (IR, 1A) s ODRTA = NRATSA[IBe14)

Gna = GORAY(1Q.14) s FTA = FTRAY(IByIA) s 60 To 250

. PARTICLE POINTS EXHAUSTEDs FINISH UP WITH RADIAL POINTS
139 1END = 1§ DJQAY(1B¢eJA) = 1,0
. IF (DORAY(1I8=1,14) 6T, 2,0% GO TC 195
190 DRAY(IR,18) = ,5 & DRAY(1R=],]A)
1956 IF (XA EQ. XTAY(25¢1A)} G) TO 22n
IF (YA EQ, YTAYI25,14)) GO TO 23n
XT = SORTISYORSYO = (YO®Y0-RNSOI/S]) $  x1 » ~6YH o XT
IF (XA ,GT, XTAY(IT+IA)) GO [0 20p
IF (X1 ,LY, X&) X] = =SYa = XT ¢ GO TO 214
200 IF (X} (GT, XA) Y1 = =SYp - XT
211 Yl 2 ¥0 + SeXy  § GO TO 240
27 vl z SOP~(RDSD = x1lexl)
TFOOYE .GT, YTAYIITelA)) Y1 2 -v) $ GO 1O 240
“3In TLRTAANSGLY18Y))
tAR oGTs XTAY(ITela)) X} 3 =Xy .
T<% (RAY(I9.18) ® X1 € YRAY(IRe]A) = YI
ORATSA(IBIA) = DRATSB(25+IA) €  RORAY(IReJA) u QDTAY (24 A)
FTRAY(TReIA) = FTTAY(26¢1A) S UpRAY{IBeTA! » DRA/(IAs[A)
TEMH = SORTI(X]=XRAY(1h=1914)1202 ¢ (YIaYRAY(TR=]oIA)) @82}
GNRAY(19+14) = GIRAY(13=141A) + TEMR
250 CONTINYF
763 COMTINUE

MODIFY NRAY TH ACCOUNT FoR OVERLAPPING CLOUD LAYERS
DY 270 14 = 1, NLVL
DO 270 19 s 1, vaAR
X = XRAY(TReIA) $ Y = YRAY(IA.IAY
no 270 1¢ = 1, N vL
Ir (1a ,EQ, 1cy) 30 Y0 279
OTSQRIXRAY (IR 1C) =X} #9290 (YRAY ([Re1C) wY) @2
DTEM = SQRTI{XRAY(I6eICI=X)®#2 ¢ (YRQAY[IRe]()ay)sep)
IF (OTEY (GTe 2.00RNONAY(IReIA)) GO TO 277
TEMA = DRATSA(TReIA) ® OTEM / QNRAY(]S,14}
TEMR & 7%  §  {F (DTEM +GT, ANIN) GO T0 P65
TEMR & ,25 ¢ ((RMIN=DTEM) 7AMIN) 08 (DRATSA (IR TA) 75,0)
?65 ADUOSE s VORAY (13,1A) # [ 7G9EXD (=, 94831 #TEMASTEUA) o TEN)
DRAY (1341C)=0RAY(IAYIC) + ADDOSE
270 CONTINUE
RETYY
END

05/10/72

17,36.24,
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Table A-5
SUBROUTINE LFTRT

COC 6600 FTN V3.0=P261 OPTs0 05/09/72
SURRUUTE ¥E LFIRT

SUBHULTINE TU 48516~ CLGJU LEVEL SURSCRIPTS FOR LEFT AND RIGHT
SIDES OF FALLIOJUT PATTERN

covncu ZhMRAY/ GRAY (200230 o XRAY (26923) 9 YRAY (26423} 9GORAY (26023}
FINAY (26923) yRDRAY (26423) 2DRATSA (260230

4 NLVL D ISMAKIDISMINSKPAR ¢ KAIKByNPAR

3 JEDGRAY/ XLR(2642) 9 TLR{2642)4ILR(2642)

UALA PE24PI324P121/].5707963s 6,7123890+ 642831853/

LOULP FUR EALH PARTICLE GRUUP

VO YU 1A = Jo NPAR

A =1 §$ InA s}

THETAL = aTaN2 (XRAY(IAs1)oYRAY(TAs1))
1F (THETal otT, 0s) THETAL = PIPleTnETAL
FHETAR 3 ThHETaL

LOOP FOR EaCm CLOLY LEVEL

D0 By I3 ® 29 NLVL

wLbra = aTaN2(XRAY[1A91B)oYKAY(IAWIG)?
1F (ALPHA LT, 04) 4LPRA = PIP] ¢ A{PHA

TEST ON LEFT SINE Or PATTERN
1F (Intlal L1, 9127 GO TO 10

LEFT SIDE IS SEIAEELN 300 AND 90 DEOGKEES

IF (ALPAA oGTs THITAL=PI2 +aNDe ALPHA oLTe THETAL) GO TO 30
Ly TO U

LEFT SIDE IS BETaEEN 90 AND 0 OEGREES

IF (aLPma oLT, PI2) 6O TO 20

1F (ALPna o067, TH4ETALOPI32) GO TO 3¢ H GO TO 40
IF (4LPwrh oGEs TRETAL) Ly 10 &Y

THETAL ¢ ALP44 [} ILA = 13 s GU 10 gg

TESY (N Rlunl G1UE CF PATTERN
IF (T~ETAR L5357, #132) 00 TO 50

RlonT SIOE 5 BETWEEN 0 aND 279 DEGREES

16 (ALPHA (LT, THETAKOP]2 ,ANDe ALPHA ,GTo THETAR) GO TO 79
w0 TU 8¢

nIGHY SIVE 15 HETwEEN 270 AND 36y DEGREES
IF (6LPuu oGTe PI32) 6O TU 63
17 (ALPHAGK]3IZ o To THETAR) GO TO 7¢ 8 GO Tn &0

aLFnA ANU THETAR ARE DETWEEN 270 AND 360 OEGREES
IF (ALPHA JLE, THETAR) GO TO B0

THETAK = ALPHS 3 IRA = j3

CONTINGE

ILR(1Aas)) = 1eA $ ILR(1A92) = WA

CUNT INUE

HETURN

(3.17)
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SUBRUUTINE  EDGE TRACE

Table A-6
SUBROUTINE EDGE

COC 6600 FTN V3.C=P26) OPT=0 0%/u9/72 15.13.21,
SULROUTINE LDSE

SUBRUUTINE 10 DETEWMINE THE LOCATIONS OF THE PIVOT POINTS ON THF
LEFT AND WI3HT EOGES OF THE FALLOUT PATTERN

(ol ol o ¥ad

LOMHON ZEDGHAY/ ALRI2602)9YLRI2692) ¢ ILR(2602)

3 7ARRAY/Z URAY(26023) 9 ARAY (26023) 9 YRAY (26423) . SORAY (261923}
2 FIRAY(26923) sRDRAY (26423) sDRATSA (260230

3 NLYLIUISMAR S DISMINIKPAR (KA 9KBINPAR

UINLNSEOV mnie)

DATA AH(})oHH(2) / 1oy =lot 7/

0O Jap lb = )y 2

nP # NPAR - |

VO 130 JA & 14 NP

(A m glktIaeld) S LY & GLR(IALy 1)

AA = XRAY(InslX) S YA & YRAY(IAsIX)

X6 » xKAY([As]lyelY) 3 Y8 & YRAY(1A+le]Y)

HUA & ROMAY (JA4JX) & 1,1 S ROU = RORAY(IAelolY) * 1,1
AT & Ceo 3 YT = (o

« e

CHECA IF CURRENT LEG IS PARALLEL TO » AXIS

IF 1Ya ,nEe YA) GO 10 10O

X6 = AA 5 XT =B S RF = 1.0

IF (XA GV, XB) RF = =},0

Yo = YA o RUASRM(IHI®RF 3 YT s YR o RDBORH(]B)ORF
ASLI & pe 3 KOULK * S5 7D TO &0

[ o

CHLCK [F CUKRMENT LEG 1S PaRALLEL TO Y AXIS
Iy oF (Kn oNEe Ad) U0 TU 20
Yo = YA s Yl = YB s RF 8 1,0
IF (YA LT, YS) AF = »],0
AD % XA & HUASRN(IBI®RF 3§ X7 = X ¢ ROBORK(18)®RF
ASLP = o 3 K5LP B3 ) $ GO Tn 6o

ac

CURRLNT LEf 1S XOT PARALLEL Tu EITHER AX1S
21 4SLP = {AA«Afd) / {Yd=YA) L Y XSLP = )
fd = (YdeYA)®®2 3 TH 3 SURT(TY / (THe(XA=xA)0®2))
HF 3 (.0 ) IF (aSLP +LT, 0,) GO TO 30
IF (AU oLTe AA) RF ¥ «]o0 3 GO TO 40
v IF [AB «GTe AA) AF = »1,0
&' A0 ® AA o THPRDATHM(IB) *RF 3 YO u YA o ASLP®(Abw=KA)
AT = x8 o TueqDOeRH(IU)eRF §  vT & yH o ASLPe(47ax8)
Py COuTINUE
ASLP = 0, 5 ASLP = ¢ < IF (xH LEQ, X7} GO TN 7o
ASLP 2 (YH=YT) / {XH=XT) £ KSLP = }
7Y IF (la oEWe J) 3 TU 103 % IF (KSLP +EQ. 0) @GN 10 g0
IF (KSLPA oEde ¢) GO TO 85 3 IF (ASLPA EQ. ASLKP) GO TOU 105
AT » (YdeYAeS40a5PA=XBOA P) 7/ (ASLPA=ASLE)
(T 8 1A ¢ w3LPA®(LT=Xa) s G0 10 9v
8¢ IF (KSLPA «h3e 0) 30 (O 105
AT = a0 $ Yl 3 rA ¢ ADLPAS{XTexA) H 80 10 9
A% AT # A4 b YT = vy ¢ ASLP®(XTexA)
9% [F (4% o£Q. XA) 30 IO 95
IF (A5 43Te XA oANDe (XA oGife AT oO0Re XT oGTs X5)) U TO 105

IF (A& oLTe XA oANDe (XA oLTe KT LOH, XT oLTs XS)) G0 10 105
3o ro 10v
un IF (15 +GTe YA oAnDe (YA «Gfo YT 0N, YT +8T. YS)} GO TO lob
IF (1% oLTe YA JANDe (YA oLTe YT LUR, YT oLTe ¥5)) GO TO 105
190 GR &8 YURTI(ADeKA)®02 o (YSara)ee2)
A = KA ¢ ANAO(K5KAI/NE 5 YB = YA * ROA®(YSeYA)/HR
AL(Lnelefd) = A8 S YLR(JAsleIH) = VY8
5 844 $ Y32 Y8 § ASLPA s, S KSLPA = 0
§F (A8 oEde X3} 89 FO 20
ASLPA = (Y4=¥8) / (A8=X8) $  K3LPa =] $ G0 TO 12C
193 aLH(lelB) 2 X6 §  YLR({lelt) = Y6
199 AL%{lAe)el) = X7 $ YLR (IAe)418) = Y7
k5 2 47 § Y3 m Y7 $S  ASLPA ® ASLP $  KSLPA = XSLP
127 CONTINUE
130 COITIVIE
led CONTINUE
<E TURN
END
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TIAP TRACE
SURQOUTINE THap
SUARQUTINF TO P
COMMON /MAP/

2 /INDAY/

3 7SCRTCH/

OIMENSION NEXPT
NATA IFJTER(2Y)

1 tL )]
DATA TALANK,

1 M .
0ATA 1FRLA,

1 GHIFLN, 0,

OF TERMINE NivaF
KMAY 8 {YHMAX =
KNX ® (XMAX « Y
KMAP s (XNX ¢ 1

SET UP Y AX[S &
DY 10 1a = 1y x
. YAXIS(l1a) = Ywy

19 CONTINUE

IF (KNX » 209 |
16 TXuMAX = XMAX
P0 TXMAX ® AMIN o
30 TxMIN 3 xMIM

N 1640 TA = )

Table A-7
SUBROUTINE TMAP

COC AAOD FTH VI rePPb) (P

RINT £XP0SURF DOSF CONTONR upbg

XMING XMAZR ¢ YMINgYMAX o DELX ¢ NELY eLMAP S TXWIN, TXMAX,
YAXISU{S00) s XaXTS(PM)

deal Mo TITLE (R TLIMIT

NI(20,500) xuAXokMAY

(29) s IFUTEP(23)y TFWTQL(?3)

¢ IFMTRLI2D),  IFMTA,  [FMYF,  JFuUTf,  [FuTW

" 1) o 3HsAGy HHeFA, D, Welhe FHeF, Y
DNTA, 1.oTR, TFEX1le  1FEX2Ae  IFCXPA
I 40 HH ) GHITOX . AN(IHN, o oMax
1#0L9y  TFRLIS,  IFOLYA,  IFWLEA;  1FRLIY
IebXy GHIIHOGFe 649,Ne Xy AMI//F10y B4, VX

2 OF uAP STR1IPS

YVIN)} / DELY ¢ 1.0

MEN) 7 OFLX o 1,0

9 720 1 4 KMAX s 2C

ND INITIS{ RANGE OF X vaALUFS
vaAY

X = FLOAT{TA=T)OopF Y
S¢ 150 3¢ _.

$ 80 TO 30
19,0%DELX

KAR

IF (1A oEN¢ XUAP) KMAX = KNX = 208 (TA=))

0p 40 1R = 1,20
. XAXIS({IR) = Txw
49 CONTINUE

IN o (JRe1)eOnEL Y

CLEAR MAP ST0RAGE AREA

N0 45 IR = 14 x

00 45 1C 3 1¢ «

NR(IRLIC) 3 9,
4% CONTINUE

CaLL EOSED, INnT
CALL ED3FD €

PRINT MaAP TIT_E
§0 PRINT 945¢ TAe
SB BRINT 960y 1A,
81 IF (HOD(IFTIx(xv

PRINT 9Sn, (XAY

IPRINT = 1 &
63 PRINT 955, (xay
6% 80 TO (7ne 72

44X

vaAY

ERP, AND BZRNR7 TP QERFONM MAPPING
TALL INTERP & CALL GRNA7

GN TO (SAes S9¢ Y0¢ Sn)e LMAP

(TITLE(X}e Ix1oR) G0 10 &
(TITLFLI)e TE1eM)
INZDELX) 0 2) €24 9) A0 TH 62
I15(1)e I®1ei%e2)

an Tn 65
15(13e I32420¢2) {PRINT = n
Tée Th)e LHAP

70 IFMYRL(]) = fFOLla s TFMTRLL?Y & IFRLIR [ 519 TOH Rh

T2 IFMTRL Y1) = IFQ

-7 s TEMTRLI?Y = TFALPH L 61 10 RAa

104
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Table A-7 (Concluded)
SURRONTINE  THAP TRACE COC AA00 FTN VI, AeP2al OPTa0 05711772 11,105,445, !
Py T4 TFMTER(1) = 1FFX] $  IFMYFP(?) = IBLANK € G0 TO 7R :
- 76 TFMTEP(1) = IFFX24 §  IFMTEP(2) s IFFX28
TR IFNTRLLY) = TFALA € IFMTRL(2) = TFALR
= AD DO 110 0 = Ve KHAY
= An “
2 [ CHECK VALUES a%1D SET UP QUTPUT FORVAT i
3 B0 TO (B2e R2¢ 924 92)4 LMAP
3 A2 U0 AG 1 8 1, xuAX
e IF (DRLIsJ) 6T, 99999,) DRITeJ) s 99990,
6% IF {DRUTsJ! oLTs 1400 G0 To b6
Ea IFMTRL (1+2) = (PuTF an 10 A6
B A DRIT+J) ® NOTA £ IFUTRL(1e2) = [FuTA
2 A6 CONTINUE
; IF (KMAX £0, 29} GO TO (oA
78 R om KMAX o |
N0 A8 I » X¢ 20
IFMTRL(T1+2) = T9LANK
AR CONTINUE
GO 10 108
7% 92 N0 98 [ = . <mAX
NEXPT(1) & 13LANKG  §  JFMTEP(JeD) = [FMTA
If (DR(T0d) oLTe N,50) GO TO 96
IF (DR114J) LT, 10, GO 1N 93
NEXPT(I) = ALOGIOLORITS)) $  TFeTER{fe2) = IFuT]
3 an NR(TeJ) & DR(T4 ) /7 10,CO8NFXPT(T)
93 IFMTRL(1+2) = TFuT & G0 10 9K
94 OH(1eJ) = NOTA ¢ IFMTRL(1+2) = (FuTh
98 CONTINUFP
IF [XMAX ,E7, 20) GN TO 18
A% K = KMAX o )
00 100 1 = %y 20
3 IPMTRL(T¢2) & I8 ANK [3 IFMTEP (1«7} w TALAwNK
104 CONTIMUE
[
3 9 [ PRINT MAP I4% QFQJESTED FORWAT
E 105 PRIMNT IFUTEPs (NEXPT(I}e [=m)exdax)
# 108 pRINT TFUTRLs YAXIS(J)e (NRETeJde 1aloxwdy)
= 116 conTTHys
. IF (INDINT LEQ, 0) GO TO 11§ .
= 95 PRINT 985y (XAX[S(I)e 13292 ¢?) $ GO Tn 124
- 115 PRINT 980, (XAXTS(T}e 18101902} ;
120 TXMIN » YxMAX o DFLXx 8§ TxMax s TXVIN ¢ 19,0eNnELY s
IF (TXMAX = XuAKX) 140+ 140s 130 H
130 TXMAX & AuAX 1
100 140 CONTINUE H
RETYRN N
960|FOPMAT (AHISTRTO as SYs FAIne SXo ®MAP OUTPUT 1S IN NECIMAL FN2 3
wATe ) s
948 FORMAT (6WHISTRIP l4e¢ SX¢ AAlN SX, ®MAP OUTPUY 1S [N FXPANENTTA(, 3
1n5 1 FORHAT®) 3
98D FORMAT (1WN, &x¢ 1NF12,0) 3
%S FORMAT (IM0, 10X, 10F12,0) b
£N0 4
N =§
2
5
%
E
=
2
a
05 o
1 ]
B
i
l e
ety
- e
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Table A-8

SUBROUTINE EDGED

SLBRO T1)ED

Sv v SEV UP MAPPING OF PATTERN EDGES

COC 6600 FTN V3.0=°26) 0PTep 05705772 15413.21.

Lor A '/ URAY (269231 9 XRAT (269230 ¢ YRAY (26023) 130RAY 1269230
TRAY(26923) eNDRAY (26923) t0RATSA(2602])
‘LVL'3[5"!‘OOIS“INOKPA(QKAOKB'N’A?

JELGRAY/ KLRI
YEs£F ¢ YFOKEG

LOOP FOR LEFT aND RIGHT EUGES OF PATTEQN
REA 8 )

VO abV J8 = 1y 2

KEG ® KEA

NF 2 NPAM o )

VO %5V 1a = 1y NP

1C s ILR(J4e1d)

10 s 1LR(JA])s13}

IF (URAY(IAGIC) oLTe 1.0) GO TO 460

A8 3 XRAY{[as]C) .

s YRAY(LAeiC)

3 ORAY(JAyIC)

= ARAY(JAel,10)

s THRAY(lAel,1))
U8 & URAY(IAe],41D)

s FLR{LIAV]IB)

s YLHIIAGIY)

s XLR(18e]y18)

s YLR{IAe}18)
NUA = ROWAY(fae]g)
HUE 8 RDHAY(IAelo]V)
URA = ORATSA(]A.]C)
OHo & ORATSA{1sel, D)
CALL €6D0SE
ANEG = KEA ¢ ]
CONTINUE
nEA 2 3
CONTINUVE
HETURN
ehb
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592) 0y R(2642), 1 R(2642)
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Table A-9
SUBROUTINE INTERP

INTERP TRACE €0C 6600 FYN V3,)=P26]1 OPT30 05/09/72 15¢50451.

by
ey

‘.,
5)
6J
To

13

SUIRYITIAL, INTERD
SUSROJTINE TV PEIFURM MAPPIAG OF THE UOWNWIND SECTIOIN

URAY JOSE RATE AT 26 PUINTS ALONG THE GROUN) TRAVERSAL
PATH OF UP T 23 CLOUD LEVELS
AHATy (RAY Lo ¥ LOCATIONS OF THZ POINTS
YL NUYIER OF CLOUY LEVELS
Ok DUSE RATE OUTPUT WAP
KMAX o KMAY NUMIER OF Xo¥ VALUE ON CURRENT STRIP OF MAP, MNAXIMUM
1S (29,500)
AMING XHAR INPUT VALUES OF AINIMUM AND MAXINUM X FOR OUTPUT WaP
TMINg YHAL INPUT VALUES OF MINIMUM AND MAXINL.: Y FOR QUTPUT uap
UELRe JELY INPJT VALUES OF INGCREMENTS IN X AND Y OIRECTIONS
TAAINGTXMAX  MINIMUA AND MAXIMJUM VALUES OF X [N CURIENT STRIP OF
wAP
XKAAISeYAKIS X AND Y VALUES ALONG THE AXES Lt
COMMON ZARRATY/ DAY (20923) 9 XRAY (26023) ¢ YRAY (25923) 93URAY (26923) s
FTRAY (26423) yHORAY (26,23) yDRATSA (26423),
NLVL)OLSHAR 4 ISMIN,KIAR KA ¢ KBINPAR :
/ ANP/ x*tiolAAlovu[MoVHAKOOELKODELViLNAPoT«!IN.TXHAXo
TAXISIS5UU) e XAXTE(20) .
73CRTTH/IANRI$SVI) ek wARoMAY
VOUTYLTY; ‘x.nv.ax.nv.ux-cv.94.oVoSLFAu.sgaso.sLPoc.Sch..
KAt sKBD I KUC s KCA

.

~CNE W -

»

LOOP FOI BACH LAYTER dEIwEEN ¢ CLOJD LEVELS
050 wou IK & 29 dLVL .
WA = [K = I s (SR S

wUOP FOR EACH AREA JOUNDEVU 9Y COORDINATES OF 2 PAIRS NF ADJACENT
RAUIAL PUINIS JF 2 AUDJACENT HOTLINES

VA 3 NPaAN < )

JO 299 1a & 1y ¥4

AR = XHAT(TA9 A} $ A3 = ARAY([AelopA)
YA a YRAY(]A. Q) s Yd 8 YRAY({[AslepA)
JA =3 JRAY(IAy A) [ 08 = URAY{IAsl LA}
XC © XRAr(lavLy) $ XD s ARAY(JAelo B}
YC 3 YRAY(1Ae(B) $ YO s YRAY{JAeled)
uc4- QRAY (J e H) $ DD = ORAY{1A<lo B)

SHAX = AMAX)(DASDBIOCUD) $ IF (osHax LT, 1,0) 60 10 360

TUENTLFY LEFTHOST PIINT

ICASE 8 | b Ptuln = XA

IF (48 oGEe 2X4IN) G50 TO lv $ CASE = 2 s PAdIN 8 X8
IF (KC ,GEe PxMI¥) GO fU 20 § ICASE = 3 8§ Px4IN = xC
IF (2D o4GE, PXMIN) GO TO 39 $ ICASE ®m & § PxMIN 3 X)

UETERALNE IF QUAIRAVGLE 1S «lTrAIN #A» AREA

PXMAA ® AMASL (XAXBoXCoX0) 3 PYMAK ® AMAX](YA+Y3¢YCoYD)
PY4in 8 AMINLIYASYBoY e YD)

IF (Px4a& ,0.T, TxdIN) 30 TO 85

IF (PAMIV 37, TA#4AX) 4O TO 340

IF (PYMAX o, T, TYMIN) GO TO 55)

IF (PYMIN 3T, YMAX) GO TO S50

o0 T (8Jy S50y 60y 701y CASE

CALL QUAD (KAsYA9ABIY39XCIYCoXVYD!? s 63710130
CALL WUAD (X39YdeXAeYApXDoTYUeACIYC) [ G6Y 10 13
CALL QUAD (XCoYCoXAsYASXDeYD9XBeYd) ¢ GO TO 130
CALL WuaD (XJeYDeXUeYReXCoYCoXarYA)

tSTASLISH HR1D CIOROINATE LIMITS WITHIN QUADRANGLE
RA] 8 (PAMINSTXUIN}ZDELA ¢ Qe

KX2 & (PXMAXSTAMIN) / DELK ¢ 1,0

KYD s (YMAXSPYMARIZJELY o 1,9

KY€ 3 [Y4AK<PYMIN) / DELY o 1,0

JE PSSR M ATEY 910, ST CFCL 1 O

-

R AT oo
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Table A-9 (Continued)

CUC 4600 FTN V3,0=P261 0°Ts0 05/99/172

(FLUATIRAL, S IELX oLTe PXMIN=TAXMINGOELX) KAl 8 KX} o )
(FLOATIRKYRI®QELY oLTe YMAX-PYMAX®OELY) Xyl = kvl o 1

(agl
(LY Y1
(xyl
(Kre
tRal
(avt

okl
«GT,
ohTa
oGt
-1
oGl

1) «<x1 = }

SMAR) K42 3 KMAX
1y xvl = 1

KMAT) AY2 ® AMAY
<42) 63 10 890
<y&) GO 10 330

VEA = AC = X4 $ JEY 3 ¥YC = VA
OFx 8 XD = X3 $ OFY s YD = Y8

Te2 LF (A4 oEW¢ AC) 30 TO lee
SLPLI = (YC=YA) / (ACwAA) $ Kl3ds
Loe LF (A8 +€WQe 4£I) GO TO 146

12 23 § x13sy $ K¢ =20 $ KV =
IF (K4 &9, 23) 30 T 142
40 SLP1e ® (YHeva) /7 {x3eXxA) $ K12 %)

E: SLr 2% 8 (YDeY3) / (Kye=Xd) $ K24 =)
: (AC oEUs AD) $O TO 148

85 186 IF

9

on Lalie ]

IF
¥5

o0

150 v2
122 r2
100 193 v2
17, §F
149 1}
132 v}
139 1}
1vs 230 Ir

0,

210 ye
1317} 212 vé
22, Y2
é39 IF
265 V1
242 v1

[aKal

esy It
1o y2
120 212 y2
239 IF
291 12
232 v2
2v5 v2
E 129 290 b
2 30 vl
2 3s2 vl
3ig 1»
Iy
130 e vy

..wlk:,’,‘wmv:‘-.z‘ i, T b OO S0 e

o
W

(2% 4]

PERFUAM 4APPL vy 3Y % COLUMN
Y0 54) IX 3 Kx]y KXR2

(sad oNEe ) 30 19 200

15 PARALLEL 1D Y AKIS
(VX ~ XPT) 160¢ 1520 1Y)
s 3Y ¢ SLPID{APT=3X) $ G0

s JY

650 10 tly

s DY o SLPICH(xPTa)X)
(CA = XPT) 1304 1824 1¥0
+ SLPCAY(ZPT=CX) 8§ GV

s QY
= CY
s )Y
{xca

g0 T0 32y

s SLPYCe(xPTaDx) 3 60

oNEo

2 30 To 260

1> PARALLE. TI Y a4fsS
(uxk = APT) 22990 212 210
® AY o SLPAIN{XPT=AK) [<]]

s 3y

$

60 Ty 239

s gY + SLPG0(APT-dX)
(X = APT) P50 2424 240
s QY o SLPIC®*{APT=0X) $ Go

=Y

)

60 To 329

118 251 Y1 s dY ¢ SuP30e(xPTedk) s GO

(3% = ART) 2800 2124 2l0
s AY o SLPAB®(XPT=AR) § 40 TQ 290

s 9y

)

30 10 24¢

(Ux = xPT) 2Bly 2829 245
s )Y ¢ SLPIC*(APTeDA) $ GO

s )Y

$

6) TV 290

B Y o SLPINS(APTeHX)
(CA = XPT) 340, 302, 300
2 CY & SLPCA®{APT=CX) s GO

s Ct

$

60 Tu 32¢

(U = XPT) 311y 312y 315
s 07 ¢ SLPYYE (APT=0K) s 60

s )Y

60 1O 320

315 Y1 ¢ Y ¢ SLPIC®(APTeDX)
320 CONTINUE

SLP3s 8 (YUaYS) /7 (KU=XC) $ X34 2}
148 CUNTINJE

SELECT X VALUES (XPT) AND DETEAMINE RANSE OF Y VALUES
APT 8 AAXIS{IX)

1) 170

fo 320
19 320

19 230

Ty 320
13 320

NELTHER aH NOR AC IS PARALLEL TO YaX]S

T0 290

To 320

10 320

PERFJIRM MAPPIN] FOR Y PUINTS ALONG THE CURRENT X COLUMN
135 00 537 1Y = Kvly XY2
YPl & YAALS(IY)

Reproduced from
be‘s)t available copy.}
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Table A-9 (Concluded)

COC 6600 FIN v3.9=P261 0PT=y  05/09/7¢

14 tF KeY POL4T [S DUTSIIE QUADRANGLE, PROCEED 19 NEXT wOINT
1t LYPT 4GFe Y2 +ORs YPT oLTe Vi) G) TO 830
-
IF (%o +EWs xa) 30 10 &y
IF (Y97 EU, YACSLPI28(XPT~XA)) GO TO %30
30 1Y 350
Jeu IF (XPT LEde XA) GO TU 230
337 §F (I o€ue 1) 3D TO 4a0
LF (XA oEue XC) 30 T) 360

IF LYS] oEu4e YACSLPII®(XPT=XA)) 80 TO 530
OU TI 80

460 IF (X271 (EQs XA) GO TY S30

~OO

JETENAINE INTERCEPTS OF LINE (XAsYA) TO (XCoYCl AND,(X8yY8) T3
(X08YD) alTA INE THRQUIH POINT (APT,YPT)
“4n TEX = KA ¢ JEK®,5 $ TLY 8 YA ¢ JEV6,5
1FA & 2d o DFRe,3 ¢  TFY 8 YR ¢ OF“0,5 & RFAZ 8 0,5
UG Ave 13 3 Je 20
WFAC & o5 ® dFAS
LF (1EA oNEe TR} GO TO 43¢
1F (AdS(APT«TEX) oLTe 10} GO TO SO0
IF (XPT 6T, TEX) GO TO 470
w0 T &75
s5; SLOPE 3 (TFY=TEY) / (TFReTEX)
YTER = TEY ¢ SLOPE®(XPT=TEX)
IF (ABS(YTER=YPT) oL1e L0e3 GO TO 990
1+ (SLOPE) 4804 75¢ 485
61 IF (TTER=1FT! 470, 304y 475
453 IF (TTEQ=YPT) 478¢ S009 &iv
a7y FAC = SIIM(RFACIER) 8 oY TO adg
15 PAC ® =S1GNINRFACIOER!
487 TEX = TEX » FAC®IEX $ TEY = TEY + FAC®DEY

1FX = [BA o FACPIFX [ TFY = TEY o FACODFY
49; COnMTINnUE

<
C COMPUTE EAPQSJRE RATES al INTERCEPTS

[ K2 Xad on

Y

L1332}

U0 SAY 8 (XA=R{) 982 o [(YAeY()ee2
IF (5RY +Gls 1¥0,) 30 TO M5
CaAtl = .5 @ (naenc) 8 GO 1O 510
903 UNATL & JA®(OC/IA) @R (SURT(((XA~TEX)®02 ¢ (YaeTEY)®®2) / SXY))
13 SAY = (K4=X)) 062 o (V3evD) 082
LF (XY oGte J90¢) G0 TO Sis
UnaTe = ,5 © (p3e40) $ GO 10 S1%
315 YRATZ = JH®(0I/7)3) @8 (SUAT(((XB=TFX) 082 ¢ (Y3=1FY)®®2) , Sx¥))
S1n ST 5 (TEATFX) 082 & (TEYTFY) 082
It (SxY s0Te Lo0e) 80 TO 313
IHATE & ,5 & (Dat]epNaT2) 3 60 TV 5S¢0
SIH UNATE & JRATI®(JSAT2/IKATLIS®(SQRT(((TEX=APT)I®@D o (TSyaypliee?) /
1 3873}
525 JAiJAsly) ® JU(IXe]lY} o DRATE
535 SUnTivwe

CURRENT £ COLJYY LS CIWPLETEDe PROCEED TO NEAT COLJUN
98y CONTINUE

VAPPLi0 IS SOOI ETED FOx CURRENT QUADRANGLE, PROCES) TO VEAT SET
VE D0INTS
250 COMTINJE

MAMPING IS CUWPLETED FOR CURRENT CLIJD LEVEL
56¢ CONTINUE

MAAPPING IS COMPLETED FOR ENTIRE CLOUD
HETURN
ENV
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Table A-10
SUBRIUTTVE  34Vu¢ tRaCE COC 6600 FTN v3.0-P26) UPTsy 05/09/72 15.13.21, i
SUBHIITINE G3VD2 :
e :
[ SU4RIUTINE TJ SET UP YAPBING AROUND GRQUND ZERO :
c H
[ COMMIN 7 JUAJR37 XAvYA9DAGHDAIDONA9XB o YH 408 9RO eORBeXCoYCoAL s YD9XE
t YEoXF o YF I KEG 2
° ZAHHAY/ DAY (20423) ¢ XRAY (264231 s YRAY (26423) 15IRAY (20423, :
3 FTYRAY (209@3) o RURAY (20427) ¢DRATSA (28023
4 WVLeVISHARSDLSHINIKPARGKA 9 KB NPAR
10 > ZLUBRAY/ XLR(2642) 0 YLR(2642) ¢ 1LR(2642)
C
< LUCATE UPWE.4) PIINTS FUR LEFT anD RIuMT SHOULNERS OF THE PATTERN
I s jLRilet) $ 1Y = ILR(1+2) 3
An ® XAy (telX) 5 KB = ARAY(lelY)
1% YA = (HAY(felR) Y YH = YRAY(]eIY)
DA = XAy (leln) 0o = oRav(leIn) 2
ROA = RORAY({Le[R) 3 HDY = RURAY(1e1lY) 3
JdA = UAATSATLeI%) § ORE = DRATSA(Lev) H
AE = al(lol) $ AF » ALR(1+2) £
29 T = VLU $ YF = YLR(142)
c
< CHECA 1F LINZ (XasYA) TU (XBaYH) 1S ¢ “ALLEL TO X AxIS 3
; 4F (TA oNks T3 30 T0 10 3
E: XC 2 XA » A) s Xd $ KF = 1,1 i
= 25 IF (KA=xdg) Ty S0 9 2
= S IF (A = YHAY(2904)) 1o 60 9 2
S p LF [ = xnatizefx)) 99 Qe 7 3
E TRF & el,l :
A 2 7C % YA © HOA®RF $ YD ® Y4 o RUB®RF  $ G0 TO 60 i
s 3o C -
e ¢ CHECK 1F LIVE IS PARALLEL TO Y AXIS -
: 13 IF Laa (NEo A3! 30 TO &0
YCavYa $ Y)avd § RF 3 1,1 :
IF (A 4T, 1d) 4F & =l,1 H
35 XC @ A4 ¢ HDASRF $ AJ m XR ¢ RDYSRF 8§ 30 TO 60
¢ :
c LIt 135 ~OT 2udALLEL TO ELTHEW axis
J) ASLP 3 (AA=X3) / (YHeYa) =
IR 3 3927107 (LeVeASLPoAN P ) $ NF = .1 ¥
80 1F {A5LP oLTe A4} 40 T v H
Lr (A8 JuT, LA) #F = elsl S 4O TO w9 z
I Lr (K oLTe &a) 4F 3 =14] ]
w1 AC 3 KA ¢ TROHASHF $ XU 2 X4 ¢ THSRUBORF z
TC w ¥4 o AS PO(XCwXA) $ YD & YU o AGLPO(XDetH)
Y] ¢ k|
(4 Catl SUYRIUTINES SHLUR avD EIUUSE TO MAP SMOULNERS AND UPWIND AREA :
A CALL SHLOR 3 Agu & 5 8 CALL “u0SE 3
Q@ Tudy 3
[N 3
b
3
S
E :
£ Eeproduc'edblfram : 3
% est available copy. ; 5
110 .
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Table A-11

SUBROUTINE QUAD

SUBRUTINE QUAD (X1eY1eX20Y29XIYIeAneYs)

SUBAVUTINE T DETEAMINE THE IRIENTATION OF A QUADRANSLE

SUAMIN ZCUAIAZ AKoAY 98KodYsCA9CYs0X DY oSLPABISLPYED+SLPUC e SLPCA,
1 KAYsK3DeKUCKCA

Ka 3 y $ <30 s 0 § KUC sy $ KCa s
Kfu 5 g § <74 sy

Ax 32 X1 $ AY 3 Yl » DA = X6 5 DY n Ve
IF (R} eZue X2) 30 TO 10

[EMA 3 (Y2e¥y) / (%2=%]) $ KTA = }

IF {41 JEWe X3 30 Ty 20

TEMY » (r3=¥l) 7/ (A3=al) S KTy = |

IF 1KTu oEQe ) 30 Ty S0

IF ((fH JEes M 30 TO 30

IF (TEua = TE4H) Tosr bUs &V

EF (NTH oEQe 0) 30 TO &0

1F (YleY2) vuy bUy T

IF (72 « Y3) 70 oV oV

1F (71 » Y3) Tue Toe )

4 8 A2 % 47 3 Y2 & CX =Ry § CY s Y3
SLPAd 3 TEMS ¢ Kad = KTA

SLPCY = TEM § KCA = K9

00 T\ 43

Bl 2 43 » dy =¥y $ CX s X2 $ CYwyVY2
Sur'Ag 2 TeMy § K& 3 RTY

SLMCA 3 TEMA § KCA s KTa

1F (3x EQ, Jx) 3u To 90

S5LP4) 2 (DY¥e3¥) / (UX=3A) $ AdD = )

IF {Ca ,€24 JX) 30 TU 109

SLPIL x (UY=CY) /7 (UX=CA) $ KOC @ 1

RET YN

END
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Table A-12
SUBROUTINE EGDOSE

11 TRACE CIC 6800 FIN V3,0-P26) OPTsY 05/09/72 154134214
SUBROUTINE EIDOSE

SUZRUUTINE TO CO4PUTE FAPUSUNE DOSE FOW THE PATTERN EDGES AND
uru Ny SECTION

CUNYOY ZUQUAIRA/ AK9AYs3X9BYeCXeCYaDXe0Y s SLPARYSLPED ¢ SLPDCISLPCA,
AAH KB 9 KUC 4 XCA
/SCRTICA/D(209300 o KHAK s XMAY
74P/ RMINgXMaxyTMT Y YHAX9OELX s DELY s LHAP TXMIH, TXMAL,
YAX1S4500) 1 XAX15(20)
JAUAIRI/ XAIYAsVAINRDASDORAXD 9 Y3408 +RDDsDRBIXCIYC XU YN XEy
YEoAF 1 TFKEG
/CLUATA/ ACUeACTIRMINIRMAX TS (o TRNAKL 2AT]0e TRAIHATA

IUENTIFY LEFTMOST POINT

IF (Ua «LTs Lol oANDe IB oLTe 140) G TO 4S50

SAY 2 SYAT({33eXA) 82 ¢ (YHeTA)@e2)

1CASE = 1 $ PXMIY = XA

IF (Xd +GEe PXAID G0 TO 10

ICASE = 2 v 2XV[N = xp

IF (XC +GEs 2X4IN) GO TO 20

ICaSE =2 3 ) 2XYln ® ARG

17 (Av +OEe PaMIN} G0 0 Ju

ICASE » & & 2xd1W 3 XU p
VETERMINE IF JUAJRANGLE IS wiTHIN Ma2 AREA

PAMAX 3 AMAL3 IXA2Ade%CeX0)  §  PYMAA ® ANAKIIYA9YBeYCoeYD)
PYMIN & AMINL (YA YH Y CoYD)

IF (PXIAX oL Te TRMIN; . TO S0

IF (PAMIN o6T. fAMAK: GO 1O 30

IF (PY4AX LT, tMIN) 30 10 35v

£F (PYMIN 3T,  YMAX) GO TO 45¢

w0 To {40y 50, 60y 701y ICASE

CALL QUAD (XasYAsXBeY39XCoYCoXUeYD) § GO TO 139
CALL QUAJS (XF4YdeXAsvAWXDeYDeXCeYC? $ GO TO 130
CALL WJUAD (XCsYSoXAgYAsXDeYDoAde YD) s G0 10 130
CaLL JJAU [ROIYDIXEIYSIXCIVYCIAAIYA)

£STAdLISH GRID CIVRUINATE LIMITS wi1TAIN QUADRANGLE

KXL & (PAMINSTXMIN}/ZDELX o 149

KA2 & (PXMAK=TXMIN) /7 DELA ¢ 1,0

Kyl = (YMAXK<IYMAR)ZDELY o 1oV

KYe = (Y AQK=DYUIN] /7 JELY ¢ L,V

tF (FLOATIKX1)®)ZLX oLTe PXMIn=TXMINeDELX) KX1 = X1 o )
IF (FLIATIKYLI®QELY oLTe YNAA=PYMAXeJELY) KYI = XYl o 1
1F (kxL oLTe 1) <xl 2l

IF (KAQ +5Ts A4ak) K5d = KMaX

IF (kYL oLTe 1) XY) = 4

IF (KY2 +GTe K4AY) K12 £ KMAY

1F (KXl 6T, <42} 0 Ty &50

1F (K11 oGfe 4721 GO T 440

PERFORM MAPPING JY ¢ COLUMN
U0 480 [4A B <Ky KX2
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Table A-12 (Continued)

CHC 6600 FTN V3. 0=P26) OPTeu 05/709/72 15.13.21,

[ SELECT & VALUES (XPT) AND DE.ERMINE RANGE OF Y VALUES
APT » XariS{ix)
IF (KAB «NE. 0) 30 Tp 200

c
[ 3 IS PAALLEL 2 Y AXIS
IF (aXx +Eds UX oANDe AY +EU. BY) GO TO 200
1F tuX = XPT) 1A0¢ 1n2s 150
150 72 = g7 « SLPAN®(APT=4X) § GO To 170
152 y2spr 8 4o 1O 170
Loy Y2 8 UY « SLPYCE (XPTDX)
17, IF (CA = APT) 130, 1824 180
189 Y1 5 CY & SLPCA®IrPT=CX) § GO0 T0 320
1321 sCr $ 3313 30
190 vl = Dr o SLPOCO(XPT-DX) § GO YO 320
Au) IF (KCA +NE. 0) 30 TU 260
6
C AC IS 2ARALLEL 1Y Y AXIS
IF ldk = XPT) 2209 212+ 210
2lu Y2 ® AY « SLPAB®(XPT=AX) § GO TO 230
212 Y2 = gy $ 3) TV 239
220 Y2 % af - SLPIN*IxPIiX)
233 IF (UK = XPT) 250¢ 2e2¢ 280
d+3 vl @ gy o SLPI2#(LPT=0DX} § Q0 To 320
el vl sy $ 0 10 I
23y Y1 s 4y & SuLP3Le(xPTuyx) § GO0 TO 320

<
[+ NEITHEA AH NOR AZ [S PARAWLEL TO Y AXIS
201 IF (dX = XIPT) 28Q¢ 272s 211
273 Y2 = AY ¢ SLPAA*(APT=AK) $ 60 To 290
212 y2 « gy 3 40 TO 29y
209 IF (Ux « XPT) 281, 203; 285
241 12 ® 0y ¢ SLPOC*IAPT=DL) $ GO0 YO 290
242 Y2 = 3Y 3 @) Ty 29¢
23% Y2 = dY ¢ SLPID®(XPT=dX)
240 .F (X = XPT) 3104 392 V0
300 Y1 % Cr ¢ SLPCA®(XPT~CX) § GO TO 320
N2 rlacy 3 gu Ty 3
Ity 1F (4 = xPTy 311, 312, 215
311 vl = DY o SLPGnS(XPTe0X) § 6O TU 320
sxe L=y 5 5013
S YL = D e SLPICH(XPT=DK)
!2’ CONTINJE

c

4 PERFJRYM 4APPING FOR Y POINTS ALONG THE CURRENT X COLUMN
Y0 330 Iv 3 xXyie KY2
!P! & TAXIS(IY?

c

<

xr KoY POINT s JUTSIOE QUADRANGLEs PROCEED TO NEXT 90147
IF {1P0 «0Te Y2 406 YP[ oLTe Y1) 33 TO %30
60 719 (3384 322 326+ 328+ 312)s KEG
322 IF (k3 .EQs XD) 30 TV 324
IF (VP[] +Ede YHO(YD=Y3) ®(ARPT4XH1/(AD=XH)} GO TO 430
Go TO V38
32¢ IF (APT +Ede X4) GO TO 430 $ GO To 338
329 [F (%4 JEQs X8)°30 TO J2&
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Teble A-12 (Concluded)

SUBRVUTINE CGWOSE FRACE CJUC 6600 FTit V3aneP26) OPTa0 05/09/72 15,1321,

IF (1P oEde TAG(YHoTA)®(XPTeXA)/ (XB=XA)) GO TO £30
69 T) 338

32y IF (XA ,Ede XC) 30 TV 330
IF (1PT oEUe TAS{YCoYA)®(APT«XA)/ (XC~XA)} 3N TO 430

118 G0 19 l2e
330 IF (XPT +EUs XA) 00 TO @3y $ GO fQ J28
c
[ DOINJ UPJIND SECTION
332 CONTINJE
120 IF (APT +EQ¢ XA oAND)e YPT oEde YA) G TU 430

IF (AP +EUe XB oANDs YPT EQ. Y8) G TO 430

IF (Aa oNEo X3 +ORe YA oNE. Y8) GO TJ 338

IF (A& oEWwe AC) 30 T 334

IF (YPT odEe VAO(YC-YA)'(KP!~KA)I(KC-IA)) GO Tn 430
125 330 xT = 24 3 Yl = YA 5 Ju TO 40V

¢ CHECK IF LINE IS PARALLEL TO Y AX]S
338 1F (4A oNE. A3) 30 TO 350
XT s x4 % Y! = ¥POT
130 IF LYA LT, v8) 30 TO 380 § IF (YT 40Ee Y&; GO TV 400
IF (1T JLE, vd) 30 10 390 s GO TY &l0
3eu IF (YT (3E. Yd) 30 TO 390 3 IF (YT (LEs YA) GO TO 400
GO TV «i0

138 c CHECK (% LINE IS PARALLEL T0 X AXIS
350 IF (YA (NE, Yd) 30 FO 360
AT =2 9T $ YT s YA 3 GO TO 37V
38) SLP 3 (Y8 « YA) / (X4 « XA)
AT = (SLPe(YPTavAeSLPOXA) o £PT) / (SLPeSLPel,m)
160 YT & YA ¢ S P8 (KT=KA)
370 IF (KA oLTs X3) GO TO 380 $ IF (Xf (GE, XA) 63 T2 &0V
IF (XT JLEe X3) 30 70 3% § GO TO *10
3By IF (AT .GE, X3) 30 T0 390 § IF (47 ,LE., XA) G0 TO 400

0%t e S AL e RS A S AN N DR m £ at o YOLIO L A2 0k A U o S A enl 0 N At B2, WANEA SR EIMLE 1 a0

4

GO TJ #10
18% 390 DXYT = DB $§ RADT @ RO8 § DRACLO = QRS E:
GO TU #2y
400 OXYT 2 DA § RADI = RDA  §  ORATI) s ORA
60 TY &20
010 SAT = SJRT((XT=XA)®®2 ¢ (YTevA)®02) / SKY
is0 . UXYT = DA®(DI/DAI®eSXT

ORATIO = DRA ¢ SAT®[URA=DORA)
HAUT =& RDA o SXT*(ROd=AVA)
320 RADPS 3 (XT=XPT)®02 ¢ (YT=YPT)®e2
TEMS = ¢ 5 [F (RADS +GT. MIN®RJ4IN) GO To 425
155 ROOT & SQRT(IADS)
TEMA & .25 ® ((RMINeRUOT)/RAMIN) @@ [DRAT0/640)
425 oa«xx-xv» ® JRIIASLY) & OKYT®(o/99EX0 (= 568310RADS®
(DRATJO/RADT) ##2) o TEMR)
*30 CUNTINUE
100 say CONTINJE
45, RETURN
END
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Table A-13
SUBROUTINE SHLDR

DU S PR

TR

SUARQUIINE 5 4Lunt TRaCE CDC 6500 FTN V3.0=P261 OPTsg 05/09/72 15¢13.21.
. SUMRVUTINE SHLOR

SUSRYUIINE T) COMPUTC EXAPOSURE DOSE ¥OR THE LEFY AND RIGHT
SHOULICHS JF TAE FallLOJT PATIERN

IO

COMNU § 73UAD3Z/ KA.YA'DAoﬂDAvORA'XB.YﬂouﬂﬁﬂoﬂoniﬂnleYCpXU'VDvxEo
YE s XF o YF ¢+ KEG
75CRT37/0(€04500) okMAX 9 KMAY
74an/ K‘IN#KQQX!VHXﬂOYHQIODELXODELY'Lﬂlpt7XNIMOYAHAX|
YAX1S{9V0) e XAXLH{20)
7JUADIN/ AXsAYeBX9BY¢CRICYs0XsDYeSLPABISLPBDSLPDCSLPCAY
£ABIKBD e KUC +KCH
/cLuatas lCdoACT'ﬂMXNaRNAloTSROTRNAX.RATIOoYﬂAvRATA

17

~T NS -

[ X¢]

\S SET UP 1D A9 THE LEFT SHOULDER OF THE FALLOUT PATTERN :
AL = XA 5 4 3 XE ] XN = XC $ KASE = )

s Y4 s ™ 8 YE $ YN s YC

D) s DV $ DI smURx $ RO = RDA

«© O

en LOCATE SOURTH PIINT OF SHOULDER .

2)F = le2 8 1F (YM (EQs Y4} 80 TO 29 N
SL 8 {ANeXH) / {(YHeYN)

; IF (K4eXY oLTs 240XL) RF 8 =i,

AK 3 AL ¢ RFORDOSUAT(1,0/7{1,VeSLOSL))

! 25 YA 8 YL * SLe(XK~XL)! $ G0 TO 28 s

' 25 IF (YM oLTe TL) RF 2 =ke2 > XK B XL 3 YK =YL 4 RFORD

DETENMINE ORIENTATION OF SWOULDER
20 1CASE 3] $ PXMIN ® XL
B 30 17 144 o3Es 2XMi4) GO TO 39 & ICASE 82 §  PXHIN = XM*
- 30 IF (43 »3E« PXMIN) GO TO 35 § ICASE s 3§  PxHIN = XN
3 . 39 IF (4K oGte 2XMIN) GO T0 &y 3 ICA3GE = & s Padld = AN

it

VDETEMIVE IF SHIJLOER (5 WITHIN MAP AREA

i5 v) PXMAC % AMAKL (Xo0AMsXNeXK) 5 PYJMAX # ANAXL (YLoYMeYNeTK)
PYML4 3 AMINL (YLIYMeYHeYK)

: F (PAMK JLT, TXMIN) g0 TO 15y

IF (PAMIY oGT, TAMAX) GO TO 15)

1F (PYMAX oLTe YHMIN} 6O O 150

gt B DA

th

) i
4 ! L IF (AYALV «Gfe YHAX) 30 TO 130
3 4
wd) f [ DEfEAMINE ORID SUBSCHIPTS FOR SHOULDER AREA
3 1 Kil 7 (PSAIN=TrMIN) 7 CELX > 140
A KX 3 (PaMAX=TXMIN) / DELX ¢ 1,0
/7 133 AYL & ({4AX = PIYAX)/ DELY ¢ 1,0
- 7 AY2 8 {TMAReIYMIN} 7 AELY ¢ 1D -
4 IF (FLUATIKXL)@OELX (LTe PXMINSTXMINeNELX) KAl = XK1 o 1 .
B IF (FLOAT(KYL)I®DELY «LTs YMAX «PYMAXeOELY) K}: ® KY1 ¢ 1
3 i IF (Ka! oLTe b1 «xl 2} $  IF (KKZ +BT, KMAX) KX2 ® KMAX
2 S9 (F (K7L oLTe 1) YL 3 1 3 IF (KYZ «GT. KMAY) KY2 = KMAY
e ? IF (K41 .0f, €423 80 TV 150 5 IF (xyl c6F. Ky2) 60 10 150
e ¢ » :
£z : [+ HENAME VERTIZES 8Y ORIENTATIIN OF SHOULDER * )
Er | G0 T) (309 6ds 709 75)e 1CASE R
B ; 55 59 CALL WUAD (RLeYLIXMeTHoXNIYNIXKeYKI % GO0 TO R0 M
.
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Table A- 13 (Concluded)

SUBAIUTINE  34LIR {RACE CIC 6600 FTN V3e0~P261 UPTsy 05/09/72

)

18]
1

o0

+)
»5
10

1

)
113

(e X ¢}

122
12e

125
124

127
IR 11
(L ]

(s N 2]

[§ D]

CALL 4UAJ (XMpYMaXLeTLIXKs YK KNy YN) s 60 10 Ao
CALL JUAD (RUsYNIXLIYLIXKI YKy AN TH) \ ] Q0 TO 80
CALL JJAD (X<orKoXMy Mo XN YNIXLoYL)

PERFORY HAPPING HBY X CULUMNS

IF (AL JEWe AM} 30 YO i $  SLPLM r (YLeVH) /7 (X =XW}
IF (4L JEWe £N) 30 TO B2 s SLPLN = (YL=YN) / (X_<=XN}
JO 1ed IX m AX]le XX2

ART = XAXESUIX)

JETEANE RANGE JF Y VAaLUES

IF (A4 JEue 3X) 5O TU oS

IF ( ©F +LTe 8X) GO O 98

IF {A T JLEe DX) GO fU 90

Y2 = 9¢ ¢ SLRICHIXPT-DX) 8§ GO To 1ao
Y2 = dY ¢ SLP3D®(XPT-BX) § @0 TO 100
Y2 = AY o SL2Ad® (£PTaax)

IF (A’ o£4e €AY 30 TV 108

IF (XPT (LT, CX) 00 TH 115

b (AP oLEe DX} GO TU 110

Y1l s Oy ¢ SLPdDPIXAT=DA) 8 GO To 120
Yl » Cf » 3L70C®(XPT-CX) $ GO TO 120
Y1l s AY o SLOCA® (XPTeaX)

PER7 R4 JAPPENG FOR Y POINTS ALONG THk CURRENT X COLUMN
CINTINJE

VO 13D If = KYLe KYQ

BT s YAKIS(LY)

IF (7RI 40T, Y2 +ORe YPT oLT, Y1) GO To 130

1F (AL +EQe A4} JO TO 122

IF (10T (Eue YLOSLPLM¥{XPTex)) GO TN 130 § @O TO 129
IF (APT LEq. L) 60 19 idv

IF (x4 (E4d, xY¥) GO 1O 4126

IF U0PT o+Ede FLOSLPLA®IRPT=XL)) GO TH 130 ] G0 T0 128
IF (4PT LEWe AL) GO TO 130

RADS & (AL=K?T)1002 o (Y_LeYPT)002

TeMd & V5 IF (RADS «0T. HMIN®R4IN) QO TN 129

AT = SUIT(ADS)

TEM, & ,25 ¢ {(RYIN=AVOT)/RMIN) ®#(D]/5,.0;

IRCICAIY) 8 JR(IRILYIQUUS (L TSOEXD (=,54331 ORAUS®{DI/RD) #02) o TEMY)
CONT {~UE

CONTINUE

RETURN TU MAP TAS RIGMT SHOULDER OF THE FALLOUT PATTERN
IF (RASE +t£Qe 2) GO TO 6y

AL = kd S XM 3 XF $ ANS XD 0§  KASE w ¢
fLesyYd $  ydsm Y $ YN®YD

VO= 03 $ DOl =0 $ RO=SRPH S GO TO 20
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' SEER II EMPIRICAL EQUATIONS H
! ;

) :
.' The following equations are derived from DELFIC numerical printouts, -

with total yield W in KT. The cloud formation or stabilization time in §

2 seconds: é

0.27 !

= B.1 = 20,0 (16,0 - W +6.01 W . g
Bty (1 %10
X The cloud top altitude in meters at ts: i

0.271 7

{B.2) A 3500 W ° - (11.0-w>2’8 1.0 < W < 10

A g M S s

.:o (8.3)  A_= 4000 w2362 _ o0z ted 10 < W < 100
* (B.4) At = 4200 WO'225 100 < W < 1000 l
‘ (B.5 A= 5800 w0+ 1759 1000 < W < 10,000
(8.6) A = 3100 w0-2439 10,000 < W . é

t
N

The cloud base altitude in meters at ts:

0.2634 -0.5
(B.7) A = 1700 W 2 - 333 W 1.0 s W g 1000

S LITESE S A L b et 1 AP BT 8 R

0.2961

ﬁ}@&@m%ﬂw‘% A Y Bk it e ot 7o

(B.8) Ab = 1350 ¥ 1000 < W £ 2000 ]
{

L
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1
i
i
s

e ST B e W 2 b

o2

Y

1880 w0.2525 2000 < W < 10,000

(B.9) A

e R,

0,2901

(B.10) A 1330 W ' 10,000 < W

The cloud radius in meters at ts:

.
R IR RN T3 S PR A0 SRty

B8.11) r, =r 1.0 s W < 10
min 8 :

(B.12) r , = (1.0088 - 0.00096W)r 10 < W < 100
min 8 i

3

(8.13) r , = (0.9 + 0.00156(log_ W) )r 100 < W < 10,000 :
min 10 8 H

!

(B.14) and :
r =r 10,000 < W H

min s :

!

where ,<

0.544 2.4

(B.15)  r_= 350K 0" 4 (350-100(log, W)*'Y) (1.0 + log W) . :

Curves drawn from the above empirical equations are compared with

DELFIC printout values in Figures B.1, B.2, and B.3 respectively.

The following equations are derived from Delfic printouts of fall-

PRV S

out patterns. From the referenced minimum radii at ts, the cloud ex-

pands radially, first at one rate and then at another rate, until the

3 cloud radial expansion termination time is reached.

The cloud radial expansion termination time in seconds:

BRI P T, SRR PP JT I 2

s (B.16) ¢t (1.44444 - 0.0444W)t 1.0 < W < 10

max

. (B.17) trmax = trt 10 < W < 100
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;

where :

(B.28) t_=( -t + 1000) / 3.3
r rmax 8

and t, is the time of deposition. :
[ :
P 3
; i

= 3
a3 B
A3 H
= iz 3

3
2
. ,
>
H
s
.
H

o S ray S
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:

L S e T oy,

b
b

(B.18) t
rmax

D e s ot WA Sy

. - 0. W v
(1.666 333 10310 )trt 100 < W < 1000

: (B.19) t (0.418 + 0.83 logIOW)t 1000 < W < 10,000

rmax rt

T AR R S e sk £ R A A Pt AT ﬁg&(}‘i&&d

(B.20) t

0.75 t 10,000 v
rmax rt ! <

where

0.58
E (B.21) trt = 2000 W 534 . :

k. The cloud radius in meters at t :
rmax

(B.22) r
max

SR b B A 2 A 5 AN T ) N S g e B

(0.6587 + 0.1745 logIOW)rt 1.0 < W g 10

3 (B.23) r

2
.8 + 0.0 W 10 < W
max (0.81235 2085(10310 ) )rt 10 < W < 1000

SEWY R b

(Y rS

(B.24) r
max t

I
]

1000 < W

o e e b s

where

0.301 1.18
+

(B.25) r, = 2200 W w .

The cloud radius in meters at deposition:

E (B.26) ry = rmin + (td-ts)(O.l rmin) / (tr-ts) 1:s s td < tr

(B.27) and r, = rhin + (td-ts)(rmax-l'lrhin) / (trmax-ts)

t ¢t <t
r d rmex

E L omih e ah o Ol B A

= ' 124




(*"4) snigvy ONOTO g3ZINIEViS £-8 3uWNDII

14— a1aA _
g0 JOb cO 20t ot : m
S I A R I S R SN I A BN E I D B B

R T O S S
vt

¢
suorinuIXoxddy (©kul @
SINIBA 318G O

e TR
!
|
CASE LM SRk

2]

T
125

g i;n’:; 5

322

e
254

2

w — gnigvy

A A

T !

e

3

TR FET R




B eIy ooy ) e

. T ch A TR R A A R R T
- .- ST F T oy N e A - AR B el Ll E it
Ha e TR AR AN e e FAd SR T S S A

S e R e R R A S S |
E4

Appendix C

SEER II SAMPLE INPUT AND OUTPUT

An example of an input data deck for a SEER II run is shown in

Figure C-1. The data specifies a 1 MT weapon burst with the summer wind

at Lake Charles, Louisiana. A hodograph of this wind is presented in

Figure 2 in the main text. The descripiions of the input data are dis-

cussed under "Users Instructions” in Section II-C-4. The computer out-

put for this example is preseated in Table C-1.
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FIGURE C-1 EXAMPLE INPUT DATA DECK FOR A SEER Il COMPUTER RUN
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Table C~1
. SEER I1 OUTPUT FOR EXAMPLE PROBLEM

® 009 800000

SIMPLIFIED ESTIMATION OF EXPOSURE TO RADIATION (SEER) MODEL

.0 0008 0000

RN IDENTIFICATION== 1 MT CHARLESTON SUMMER WIND

it S L e S B e S it R SR Mt sortsiion, s it asd Ll

WEAPON YIELD 100040 KILOTONS
TRANSPORT TIME LIMITY 200000,0 SECONDS
CL.OUD BASE 10676,4 HETERS
CLOUD TOP 19872+4 METERS
MINIMUM CLOUD RADIUS 10186,7 METERS
MAXIMUM CLOUD RADIUS 21063,7 METERS
CLOUD FORMATION TtN§ 550.9 SECONDS
RADIAL EXPANSION TERMINATION TIME 6125740 SECONDS
® & o 2 o WIND HODOGRAPH AY GROUND 2ERQ & @ @ @ o
ALTITUDE X COMPONENT Y COMPUNENT
{METERS) (M/SEC) (M/SEC)
500,00 T 1.37
1500.00 ol 2.06
s 3000.00 Y +65
. %5000,00 1,450 37
3 7000400 .85 =57
ke 9000.,00 27 1,52
10000,00 o4l P 1Y
12000,00 1.03 1,78
1400000 0,00 «2.57
16000,00 «3, 73 -l T4 .
18000.%0 oT,49 -ll87 i
20000,00 *]12,3% 000
24000,00 *15,4) 0.00
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SEER

CAPQIURL RATE

2:40030408
1oRAGSL93
1:0030C0%
1034877408
1010072¢03
9,82300404¢
Te3019Ce00
S.AN29C e84
3.8202Ce0¢
2,9204C00¢
1:5181C0¢
0403870423
3.7402¢C003
1+6800C+93
Te0770L002
2.67818e52
163326¢ 02
TedoltEenl

2:3304¢8-02
Lo 16L2Lp2

EXPOSURE mATL
2.4701C008

103933608
Le2201C 405
100229008
To0313€- 34
S.9897¢e00
4439020408
Je8816E 000
le99470004
119782004
$o9908C00)

2]

(24
1:05612200

exeosunt mate

1e4g84L003
1o 22920408
1403042408
0.097

&

483720004
JeR1242004
213342004
TeJl148Le00
TeY972¢003
4e30610402
2431172402
1433782402
$4438%¢402
2:8352¢e02
Te1108¢002
So8200L 081
1e31912+03
123100288
To1996Ew01
Le¥AISL.02
$,310%2<08
441354200

Hypleta

ao it SRS i dn s LS
ot R R T 1 =

II OUTPUT FOR EXAMPLE PROBLEM (Continued)

R nglgas

“2.31308e92
-;.Qel.(:.z
3

°*
*3,7318800s
o7,8802€0¢s
1402770008
*1.4780egs
*2,0204L0p8
*2,T833Ceys
*3,81948¢05
*3.24168003
*T.1837843s

1 pETERS
«2,28%% 002

1e 3
*2,4701€4+03
*3.3185L49)
*4,472184¢)
*4.0354849)
“8,22818+¢)

1212€eqs

*3, 9229800
*3,37438¢g¢
7,371 300
“1.01098+08

+91678e08
“0. 74700093

X ugteas

*le0847Ec >
oo 030200,
~8,94220002
-8, 10808e92
*T. 8927802
*1,00308ep3
*1,34818+03
*1.78438493

3]
*8,9323 <02
*8,082080p3
“l.10388000
“1,8080L0p4
“T, 04488004
*2,0281C84
=3,8789¢C 004
*3,3141C004
=T, 2001004
9, 99768000
«1,3717¢+08
=1.0022008%

=3,8496¢ 008
ha T Lot/ 711

R ST A S EL

Table C=1

Y WETens
*2:008)Cp

178800y

=843080L 001
34894

2
»1.48500092
e1o98%50p2
“2,71718002
3, TI88x 092
-:.0’30!"!

$T809¢ 92
s ))AsE03
=le8000F+03
©2:47038p)
«3,38980492

45180y

J84pgeny
847000403

Y NCTERs

N 22%¢g40)
“2,8490C 482
233080492
=3:}723¢02
4,06708402
52491402
=5.0983¢8492
=9, 10208402
*32220924903
RO TN
=2,23808483
»Je3edICe)
4,)451800)
*$.0389249)
«To7308E093
1093098404
=1e8804Ce00e
Ly
*2:72%52C+04
©1s7378E 448
“Sol271Ce0s
=T:0354Ee00
«9,6523¢404
«1032008493
«1e8178E¢0s
©2089400008

Y NEZTERS

=1a74008¢02
«8,39708+92
«$030000+02
«$,739884p2
“,8992¢2402
*3,11828¢93
R O ]
ol 94858403
*2,99008003
«2:81262093
4, 73832493
=0,4833 93
*8,8004800)
320228404
*1o84372e00
*2.24908ep8
©2,9813€6+04
o4y

SROUNC 13T

2e37810002
Se9601Le02
TeJes0 02
9010791002
1e18722403
1491376003
Lo 98932003
208421003
2033010403
4eT787% 003
Se45400e03
877203
Le1983€ 000
[z on
2:2312f000
2.433%C 004
403A20Z0 80
$.721%Ce0s
T.0888C0 04
1097788q8
1e4788€003
2:0205€448
2074350048
3:818784¢8
$o24208099
Te1943€008

SR0UND DIST

2431318002
Se968iCen2
Te300% 082
V1479002
1620728443
1+8137743)
1,909+
204216483
343381803
A.T6792093
Sed588Le9)
8.7731Fe0)
1019938408
1¢831%8E 000
2683338040
3443380440
40100098
S$4731% 40
TeaS88Le0s
1487780488
104765€008
:-02.‘!‘.'

153
419428008

GROUND O1ST

2437312402
494910002
T2300%¢+02
16782442
TeloT2€e93
1e3137C¢08
1099932403
2:6821C003
2.8301C003
4:76798093
S.4560840)
$.7731€e03
101980800
106319000
2423810206
3:40538¢04¢
Sel24C204
Se731%¢C00s8
Te8800C 44
1

Se24200008
Te)942C 03

132
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FaLL Timg

4. 55488002
Jelasslen
ledaleleny
1.754200¢3
2.2383¢¢03
2.9¢21000)

414318003
123000004
1e6823L 94
229228004
Seizeelens
A,2784E0 44
$.0555C904
002038004
1409928408
1.39708208
Z.46680008
2.78068208
2.T0668008
2.T006E08Y
ZoTa00800%
ZeTROSL 408
2eT0068408

FaLL Ting

S.06438002
10419700y
173048003
217588093
Ze7T62846)

008
308778008
3.4877Ce ¢S
3.0877¢cY
3.0577804%
303577008
3.0ST7L68S

FALL Tisk

SeTas8LeqR
1e4459C103
1677458403
2021688092
2.8274809)

67Ee03

]
33250003

RADIUS

1.0212€094
l1e82S1C0gs
1,0208L038
1,0208C004
1s0312800¢
1,035¢8000
1,0001Eep0
1.,0871840¢
{.0!0.{00.

1,9259Ce04

2,078%8000

:.3000(.0:
3

,00008058

RADIUS

1.0210C00¢
1.02080000
1.0204L000

3] I
2,10042004
L] <T1)
2,5064€004
2,1004E004
Lo losetegs

RAD3US

1.0311E006
1033452004

1404870008
;..56‘("0
0

1]

1e4800L 090
leb6psEepe
192008004
2,1044L¢04
2.1004L004
2.10848004
2. 10008008
L.i000Le00
2.1004l004
2. lvaskens
2.10008004
2,10040000
2,1084C00¢
210648000

oose matio
$el1164C000

1481
1.3,00000

00SE RaTiO
5,0439L00p
4,11538.09

38 0
1eS000feu0

COSE maTio

A,93)eE499
4,09200049
J,6778¢8080
3421009
3,3804E090
3, 1098F+Co
2.0083800¢
2,6123€¢09
2,3723¢¢00
2,14088400
1.9640800¢
31,80088¢0p
1477930y
1.6%08 gy
1.02718000
1.80188¢0p
1.8000L400

3009L+00

e

13
18080008

s

[PRTRIEE.

e
$
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SEER II OUTPUT FOR EXAMPLE PROBLEM

EXPOSURE RATE

2044358005

l.!lll!ooi
101326409
ToT875Ee04
59227000
24,2033 000
249259€C0 04
1e8431E000
1e0928L004
()13 )
39¢.
«4026L
Tot305€002
Je8227C 002
203216402
1407132402
0L 8]
$,0326C01
lc'.l&!no!
8,)384E-10
0092810
1e3300C=10
$467308=112

EXPOSURE RATE

2440404008
3€

1430

142111408
1401292008
T+T835Ce00
S.910)£.04
A 23918004
2,9212€004
183892430
LeGRSOL g
S.9759C+0)
3,0385E003
1048632000
T43ATIL02
3.79818002
l.'SOJ!‘B:

204169¢-1
1430% =10
$o4786E=1)

EXPOSURE RATE

244493C00%
1.8072€005
143172E+45
1039632009
102201€c05
1602842003
Te 94888000
$.1002E080
440394C06
32730004
240098 e 00
1e2001Z004
Tel)%8Ce0)
3.9289E40)
1,9753€+9)
0;7103!0.’

l.S!!’!-ll
Te 2649201
:.:Jl!t-ol

1
9.0812t02

X METCRS
*140397Ce02
1€

3 9
«8,00420092
-C¢’00bt0.!
-8,68200402
*l.1931C0)
=1,3441€49)

43

*1, 21408405
“1.6671C003
©2,28780005%
*3.1399¢E¢93

X nETERS
-!.o)lAtOOZ

. 1€+92
«%,0800€e02
5894€¢92

2028002
*1:1040€¢0)
*1,5312€003
*2,0001€40)
2T <003
=3.8917E00)
*5,1798E¢0)
«7,07152¢0)
*9,6A00£¢0)
*1,3232E004
*1,8)24E004
*2,4835L004
*3,4053E004
=8,67080004
80,4000 004
v, 19020004
=l.20420005
=1,6582€08
*2,2718€+05
*3,1175€+0%

X WETERS

=1.3910E002
'3.59.7(001
«4,2040C002

'lolﬁ.ﬂ!bol
-

'2.071.! 3
. '07!0.!
“3,7841€+0)
*341423800)

*7,0004E¢9)

*3,5052E093
"

€0
'\-03152003
“242300E408
=3,872¢C009
*4,2109L93

_ Table C-1

Y WZTERS

«241352€452
“S.3700L002
o0e3761£402

-l-).l'to.l
=l 70%0C¢0)
=243772€00)
«=3,10338401
4, 2AYSL40Y
©5,80°7T€¢0)
934F 003
T55Ce04
C83Ev04
074Lone
STaLegs
«THIE 00
v 1572¢€000
T08E+04
TeLe0s
«10330320083
«1.8251€408
*245004¢8408
*w)e0307L408
«4, 71648008
*8,4729E008

Y METERS

=201307C002
793€+42
870€002
2 2080E002
«1e0519E+0%
«163942€003
«1o7928C+03
*2.3811k 403
«3.10064F.003
«8,2970%¢03
«S,8184L00)
=T490662+03
DITY a4 [T TY

*2,50458+05
*3e0020€008
4, 72430408
*6e4001¢008

Y METERS

«1492276 002
OM2Ee02
217€.02
1178002
S49E+02
204E003
1176023
408E40)
664E+03

=3:0030E40)
©3,2307¢+03
=T¢1080€¢03
=9,6848E00)
“1eJ222E 004
«140076Le08
-2.0760!00‘
(]

-S..IC'COGS

GROUND DIST

203731€¢02

.cl‘?.!‘bl
141672E40)
151372403
1+9893240)
2464218403
3.8381¢0)
4eTH79€00)
$+4560E4+0)
877318003
141953Ce04
1463192004
2¢2311F004
30053387 e
4o 10248604
S.73192004
Te8384E 90
100778E008
104785C043
200285408
20T835E00%
3481978408
5026208408
T¢1933€e08

GROUND DIST

203731E002
£l

300802
V14796002
101672E40)
1+5137C+03
1+9893E40)
2046421E40)
3+5381€0)
4.T4T9E00)
604560E003
R,7731E03
1019536004
1:6319E004

441028C404
547319208
T+ASESEC 00
1407706403
1e4785E00%
2.028%F 2%
247835853
Ye819TE€+08
S42420E+08%
Te1543E008

GROUND DISY

243731C02
S+9891E402
7+3089E+02
9.147¢L402
1416728425
1e3137C40)
109893€403
2444218003
3+5381€+03
4eT6T9E40)
$04506L403
8077318443
1+41983€408
1403197008
2e231104008
303352008
4018250608
S.7JX9[000

101!39!005
1.A197E+0S
Se24207.%5
Te19:3€e05

133

(Continued)
FaLL TIng RADIUS
4,4938E002 1,0212C+0¢
1e1308E¢03 1,0250€+04
138888003 1,0264C€004
1073308¢03 1,0204E004
2421136003 140311804
249878€¢0) 1.0348C004
3.74808403 140398406
8,0883800) 1400688004
%.T02TRe03 108632004
%40320L003 1,0694E0064
1:2231€404 1400738004
1.6620800¢ 1.1971Ce08
2420086004 1o3044E004
3,0915L08 1.5207E«04
|3 1.7081Es04
1e7024E ¢34
201064E008
241004E008
241064L000
200419E008 2,1004E+0¢
2.80100008 241064E004
3.57%1€0% 2,1068£004
3.5791£008 R41064E004
34519108 2.1064E004
3.5791Le08 241964E08
3,87715408 2,1004C004
FALL Ting RADIUS
3.4890E002 1,0200€404
8.7003L¢02 100236€¢06
1+0633E+03 10024708
1033342003 1402628404
1.7013E403 1,0202000%
2,20038403 140311Ee008
2,8995¢90) 1,0349E4+04
3,8510£403 140403404
8,1575€093 140474E04
9494952403 1,0927E€+04
9,4100E¢0) 1,0715Ee04
1.2707€904 1,0904E+04
1oT423C¢04 1.1926€004
2.3788E004 1.4048E000
3,2%19C004 1.,5008E004
o997 08 1o7414E004
$.09018¢04 1,9500E 004
0.3547E400 .loot!oot

a

2.108eEs0¢
2,1064E+04
Tt eQ 2,1064E404
3.8320E005 2¢1004E004
3.83206408 2,10648404
3.8320E+0% 2.1004E004
3.8320E403 2.1004E004
FALL TIME RAOTUS
2:T1670«02 l.02028004
6.83328002 1.0225E+04
8.3870€002 1.0234E60¢
1+0472€903 1:G240E+06
1433026403 1.0762E404
3 1,0284E004
140313Es0¢
1.03588¢04
4,0%03E+0) 1.08142008
5,4582040) 1,0093E+04
7.3907€e0, 1,0002€08
1.0063C004 140750€004
138606404 1,0985E¢04
1.8081E04 1:2198€+04
2.9%41E004 1o4304E000
3,4954C004 138638004
470790004 1:.7942€¢08
1,9933E¢04
2, 1044406
2,1064E008
2,1084E¢0¢
2,1000E404
2,1044€004
ETT )44 3 2o 1584E 08
440795E¢08% 2,1004E45%
440795E008 2,1004E008

00SE RATIO

4,9202E+00
4,3508E000
4,14328000
3,9024€000
JeeaieEe00
3.3751€400
3,10278+00
2,8319E400
:.S?Jltooo

1.

1o6820E400
1401228000
1.8918E400
145000£+00
1,5000€400
1,5006£400
1,5000£400
1.50C0Ee00
1,5000€000
1,8000E400
1,5000E400
1,5008€400

DOSE RATIQ

4,9401E00
4,6415E00
4,6104€000
4,1804E900
3,9224E200
3,84457€400
3,3841€+00
J3,0A01E¢00
2,8045€¢00
2,5441E406
2,29808+00
2,0856E400
1.9302¢+00
1.8351€+00
T1o7484E¢00
l.07°0!'00
1,4009E¢00
1,5422€¢00
1,5014E¢00
1.3000L¢00
1.58802+00
1.,50008:90
1,5000€400
1,5000E+00
1,5000E+0¢
143000£¢00

OOSE AATIO

4,8371€400
371E+00
816£+00
«4361€400
A, 1776E000
2.9012E400
3,6133E000
3,0212£400
340314€400
2,7524€400
2,4420E400
2,2477%400
2,02053409
1,9000€¢00
l.lth:looo

l
l.!ll)!hiﬂ
1.9328L000
1.8004Le¢00
«3000L00
uSGDO!OOU
1,50008+00
1,%080€+00
1,5600E00
1,53008000

[P

3
E
]
F
3
i
i
1
3
1
N
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i Table C~1
H
’
: SEER I@ OUTPUT FOR EXAMPLE PROBLEM (Continued)
¥ 1 1 EXPOSURE RATE X METCRS Y NETERS SROUND DIST FaLL Ting RAOIUS 0ose ma*lo .
4 1 1€e03 =1,T4308eq2 -l 2.3731€402 101908400 4,7985E+00
é ¢ 1 2 l sfe0Y -4,38820092 - Se9A01Cp2 le0210Le00 4,7998L+00
3 1 7 3 l.!tli!'oi *5,3695E292 -4 7430392092 140222804 4,7988C000
: N 7 ¢ Teag20Ee05 =8, 72038022 ~$,2004€09) 9.1479¢Ce02 1.!0.0!002 l.0231€e00 4, T272€+00
L § ? L 142310€408 *8,375¢F 082 7491%07 082 114726403 100141€903 1.0204€004 4o0000E400
3 3 7 . 100744E40% *1.1120C00)  «l,0270€00) 1+81372¢02 1eM31E0) 1.0 4,1990E+00
A i 7 7 R.0250€464 =1,60148003 1o JOVHL40) 1+989380) 17283€493 3.40278400
> 2 ? s 4,1087C006 ~1.9818Ce9) -1.7v15tooa 206421Ce0) 3
= . k4 * *2,59928+¢43 3.538100)
S { T 1 *3,50278+0) 4.7477¢209)
H 7 1 =8, 74208403 $.4540800)
b 7 12 8, 0481L00) 8eT731C40) .
H T 1 [ “8.7¢13E003 101983004
A i 4 te 4,6202%+03 *1.190%9€Ce04 [] 166319Ce 04
A ' Tt 2.5160E40) +1,63918008  <1.5137E000 2231100
' ? 1 102219€¢03 “2,243) *2.0T17Ee00 2405382000
o ¢ 1 17 S01336E¢02 ©3,0735%004 «2:3373Fe04 4o18240404 1 le
: N ? 18 2.95092402 ~8,2109Ce08 «3,0808E008 Se7319Ce 00 10274408 1,6443Ee00
3 ’ LA } 1c1064E002  =S,77340e08  «3,331AE¢qs 748588E404 ..021-£~o~ 2.91168004 148771€00
3. t ? 29 S42696E00} *7.9101Le0% ~Te31248004 140778C003 9.,36038004 2,1064L006 145257800
= N L4 2 2,6297€401 *1,0002€003% «1,0031C00% 1e4TASE«0S 1¢2848E0¢S 241004804 1+9014C000
S : ? 2 3.9930E400 *1,4902€49 «143783E008 200285€408 1sT624E008 2,1064€000 1:5000£¢00
: : ? 23 4.7000E-01 «2,00490608 «l,0080€ 008 278350003 2.0103E408 2,1064E004
. T t 4,)40C8-01 *2,0001E¢93 «2.9915C+98 30197028 3.3186L008 1 L3
& 7 ” 2.0744Cp1 *3.8510€¢0% «3.5568Le08 Se24200098 210 £043 . *00
> ? 26 140372€+01 ~5,2052¢€+0% bo8810E409 Te1943€45 e3215E088 1.50008¢00
i
9 ] 1 EXPOSURE RaTE X METERS Y NETERS GROUND O1ST FaLL TINE RADIUS 0oSE RaTiO
- 14 1 2,4712¢40% =1.,9879€¢02 ole2962£002 2437312402 15094402 1.0193€+04 4,7642E00
13 4 1.4095E¢05 =5,0000€¢02 *Je2603€402 Se9491E002 3,89728e02 1e0209E204 4, 70028400
. 3 1,52070003 12260002  ~3.9921Ee02 703683€02 4 TT23E0:2 140214E004 0, T442E 048
8- 4 1440326405 *7,6029E002 2905C092 914797002 " 9r27€v02 1.022¢€e04 4. Te42E400
L3 s 1.2302E403 *9,7773E¢02 «37532+02 1.1672€¢03 5209E002 1,0230E¢06 4,7591E400
13 [ 103528005 =1.2080E003 =3,26772¢02 15137803 +o8830E002 1402428006 4,31178+00
[3 7 800108000 =1,6863E+03 *1.0805200) 1:9893¢003 1,2083E¢0) 140269404 4,21308007
[ ] 6o1817€000 ©2,21%1€¢03 “let431€003 2.0421E00) 1.7250E¢03 1,02888¢04 3,99798700
[ . 4.3615L008  <2,90)1E09) «1,9325E+0) 3.438120) 2431008403 1.0316E 000 3,5978F 400
[ 10 Je2314L406 «3,9939C00) *240002E40) ‘.707v¢oos 3,1130€03 1,0381€006 3,20071400
3 1 =S.4074L62) «3s5202¢00) 6,2182C¢03 1406230004 2,99311' 000
] 12 *7,3408C40) 8, 7200€°03 1.05008¢04 0
L4 13 =1.00}3C-04 7.8088E443 1,0625¢006
[ LY 4.7690£00) 1066535000 1.078SEe04
L4 1s 2.5853¢003 2-2‘11(‘06 1,4567E404 3410G0E<04
. 16 1.37918003 3.0%.35€000 1.9937€40¢ 1o1948Es04 1e3875¢€008
[ 17 €. 7939%02 4o1824E 004 2.7307E %04 1.6821€000 1.,79872+00
s " 3.3498€402 SeT319 004 3.7420E404 1,6204200¢ 1,T125E00
[} 1 1027292002 TeRSOOE 004 S.1310804 1.85192004 144377E00
3 20 $.4037E¢01 -W.ozeotoo‘ 1007787008 1.0371E004 2,0325E004 1,5707€+00
8 ” 3.3079¢001 *1,2305E¢08 1+4785¢+0% 0,653380ya 2,10€5€008 1.8189€030
L] 2?2 1.7495E401 1,.6892% 008 =lelodeteos 200205€ 0% 143204€00% 2410042004 148024E¢00
8 23 2,63730080 *2,33168038 *145200€008 2.7835C+0% 1403738005 2.1004E006 1,5000€¢00
[ E2S 2,72628401 «3,1996E403 *200803€09% 3.A197E+08 2,483%E008 2.1066€006 1,5000E+00
M4 »”» 2.41€95-01 =4, 1910804 ~Ze8831C9% $.74200¢05 3.4225€00S 2,1004E004 1.3006€+00
L 2 1+28%4La01 «6,02038495 ~3.929%E+08 7419236408 4.5395E008 2,1068E+08 148000E000
1A 1 E4POSURE RATE & mITERS Y METERS OROUND DIST FALL T.4E Ra01US 00SE mATIO
1 2.4704€408 2, 16308402 «9,7499€ 9] 2031316002 11706402 140193006 4,7340€000
4 146R6IL0 05 =5.44208002 Se4e01Le92 o0 140203€+04 8,7340E400
5 165170405  <4,6030€402 7430098002 3290+92 1,0207 4,7300E000
. 139600008  +8,3402€402 2 9.1479C+42 8€e02 1.02120+08 &, 7340E000
S 1.2202E00% -l.obtztoo: “4o7T9SSE02 1016728603 89388002 1,0219E004 4, 73400E00
. 1.0281C40% vl 321908002 1481378403 1.51A|tocz 1.0229€000 447340€¢00
7 T.9120E004 =8,3729E¢02 198938403 9.8879E002 1432428006 4,3123£400
a $,9537E004 *148655E+03 2e842:iTe03 1o31338e0) 3 [TT1Y 4,20148000 .
3 4003008000 1003368403 3.5301€493 £ 3Ee08 3,0002£400

1.0
K 3.126010008 «1.9309040) SeTHT9Ce03 1.0320E 04 3,3706€+00

1 2.0080C0¢ «246824240) 6405608492 3. 1.03878004 3,2%02€00
12 1425872004 *7.,9984£00) ©3,0084249) PeTTIIC0Y 4,3607L 003 1.04312+04 2496128000
1 751010403 =1,08%8€¢04 «4,9110E+03 1019838004 5.9415E¢8) 1,0520€004 2,0797E00
4,2101E003 =1,4870€404 b, 70482003 100319E 004 A.lilelesd 1e0642E904 2,4)04E080

15 2,2056€00) “2,0381Ce00 «3.1883E+0) 2.2311€004 T1e1096E¢00 1.0802000 2,1720E+00
(111719 1.10398404 10‘7'91000

14 1,2298403 s:.!l;01005 -l.lscst-o‘ 3.99350 004
3

17 464€002 «3 4418268090 1,3583¢8+9¢
18 3 Te02 S.YI19E 0 1

19 142852E002 7:8308E 04

2¢ 8,2015€00" 107768408

” 1,30408001 146785€

[
2,10048000 1511300
2.10648004 145017C08

” 1493130}
) 1.2216¢€001

*8,33018004 ReGINSEgs
«1e1436E408 2.78382008
26 1,82008400 o1e5693€008 3.0107€402 2.1084E000 1.90002000
. 1e50412<01 «2.13372048 Se2423L 403 e (1] 2o1064Le0s 1e3800%000
28 1e3850200] “6,59902 008 «29887C43Y Te1942€043 3.5708E008 2,1004L004 1.9900Ce00
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o S METRES T8 S 0D

smp

23000,

0900,

15008,

=14008,

19089,

30888,

25000,

40800,

~aS800,

33908,

~3080.

75400,

Te800.

«T3009,

«88800,

-384r8,

b,

*194308,

«jlas00,

115408,

~120500,

123884,

*3130¢82,

138000,

Table C-1

SEER II OUTPUT FOR EXAMPLE PROBLEN (Continued)

1 KT LAKE CHARLES SUMMER WIND

200003, «230088.

. . .
. . .
. . .
. D .
. . .
. . .
. » .
. . »
. . .
. . .
. . .
. . .
’ . oSi7

317 572 W83

+ 828 697 LI77

'.132"0-
. . .
. . .
. . .
. . .
. . .
. . .
. . .
. © .
. . .
. . .
. . .
. +508 380
oST1 632 LTe2
708 (787 8¢
8T L0718 1,09

o757 JBAT  J990 1,070 1,207 1,367

0914 14928 1,161 1,312 1,491 1,69v

14107 16206 1e01) 1,670 1,837 2 y9

14326 1,510 1,718
14393 119 2,080
1,910 2,192 2,328
2,207 2,839 3,059
20736 Ja171 3009
2,206 3,000 4,087
Je404 3,475 3,510
2,946 2,973 2,007
20513 2.5¢0 2,972
S |
2340 2,149 1,483
3 t 1
1052 14313 1202
1 1 )
10114 14295 1,087
0,100 F,129 ¥,00e
Teas3 7,837 °,378

e84 6,108 6o1vi

=2%2000, =243000,

1967 2,201
24491 2,777
2,927 3,403
3,357 4,182
4319 s,009
4,127 417
J.54% J,0%
3087 3,892
1
2099 1,630

1 |}
14042 1,013

2,010
3,223
3,977
$,8%0
4,900
200
3,658
3,14¢
)

1,606

1
1399

NAP QUTPUT 1S IN TXPONENTIAL FORMAY
210000, 198040, =186000, *174006, ~162080, -15000¢, «138800,

. . . . . . . . . . . . . L
. . . . . . . . . . . . . .
. . . . . . . . . . . . . .
. . . . . . . . . . . 0 . .
. . . . . . . . . . . . . .
. . . . . . . . . 0 . . D .
. . . . . . . . . . . . 509,876
. . . . . . . . . ‘ «333 890 (455 T30 L8%)
. . . . . . o531 892 600 JTAS (830,935 1,084 },29%
. . . o506 (565 03D ,TI0 800 %03 1,029 1,163 1,328 1,526 1,80)
. oSIN (593 456 (T40 L0360 (04T 3077 1,229 1,009 1.62] 1,075 2,182 2,848

SS1V S0RS LT3 L850 965 1,100 1,250 1.446 1,668 1,039 2,252 2,640 3,116 3,042

o782 BT3 379 1,100 1,256 1,465 1,060 1,934 2,254 24643 3,117 3,700 4,426 S.516

¢986 10109 1,252 1 419 1,631 1e891 2,208 2,579 3,038 34000 9,236 5,161 6,262 7,066
1

10239 14405 1,598 1,626 2,112 20469 2,900 34430 4,079 4,888 5,003 7,177 8,018 1,115
1 i

PoSS4 1o775 2,030 2,343 2,727 3,412 3,010 6,504 5,462 6,608 8,066 9,926 1,237 1,971
1 1 3 1

1,945 2,236 2,583 3,001 3,511 4,172 4,990 4,003 7,208 8,906 1,098 1,369 1,5¢0 1.3%
1 ) ] 1 1

2o429 24813 3,274 3.A31 4,512 54902 64511 7915 9.6TE 10186 1,263 1,312 1,395 1,495
| 1 1 1

34028 2,528 4,136 4,890 5,788 6,982 8,487 9,AT3 1,027 1,078 1,133 1,202 4,278 4,5)"
1 1 1 1

FeTaS 40419 5,215 6,198 7,413 8191 8,469 0,002 9,201 9.677 1,024 3,862 4,087 4,341
H 1 1 1 1

o668 5.519 9,560 6,803 7,023 7,199 7,474 7,799 6,186 3,303 3,478 3,674 3,805 4,148
1 ] 1 1 1 1

94723 3,011 3,911 4,028 6,164 70320,6,556 2,015 2,974 1128 I, 299 3,490 3,704 3947
1 1 1 1 1 1 1 1 1

So9T1 54034 3,151 T,263 5,393 2,457 2,552 2,676 2,811 2,960 3,125 3,310 3,518 3,752
| 1 1 1 ) 1 1 1 1 1 !

o305 40346 4,477 2,211 2,208 2,313 2,41C 2,525 2,058 2,79T 2,959 3,137 3,338 3,%¢)
1 | 1 ] 1 ) 3 1 1 1 \ i 1

10720 24003 2,005 T.030 2,079 20157 2,269 24383 2,508 24648 2,8C3 2,970 3,097 3,111
1 1 1 ] 1 1 1 1 ] ] 1 1 1 t

14802 10707 1,012 14007 1,906 1,993 2,115 2,256 2,369 2,502 2,648 2,079 2,45} 2,578
1 1 3 1 1 1 1 1 1 1 1 1 1 )

Le5E3 14800 1,623 1,067 1,732 1,029 1,951 2,318 £,240 20365 2,309 2,251 2,839 2,274

\ 1 1 1 1 1 3 1 1 1 1 1 1 1
10398 10612 1,042 1,891 1,680 1,856 1,733 1,952 2,093 1,975 1,903 1,087 1,860 1,907

1 1 1 1 1 1 ] 1 1 1 3 1 1 1 t ] 1
UrZ33 1216 14200 1217 30237 1,271 1,322 1,393 1,489 1,613 14701 1,677 1,006 3,983 1,832 1,356 879

J ] 1 b 1 ] 1 ! 1 ) ] 1 1 1 ) ) 1
10008 1,029 1,000 10052 1,073 1,010 1,163 1,230 1,326 1,353 1,338 1,319 1,204 1,258 1,203 1,256 1,204

1 1 1 1 1 1 1 3 t )
BoPS2 BoNZ0 W.BTS %.023 9,272 9,040 1,015 1,002 1,078 4,067 1,055 1,061 1,026 1.006 0,993 Loole 1049

Teb2h 70436 7,321 74088 7,937 0,297 5,647 6,39 8,526 8,443 8,352 0,251 8,137 0,021 7,969 6,113 9,338

o190 6,220 8,329 €,099 6,747 0,572 6,061 6,A19 6,767 6,709 5,635 6,858 6,476 €391 6,323 4,413 4,552
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3 Table C-1 ‘
= :
s g -
s SEER II OUTPUT FOR EXAMPIE PROBLEM (Continued) ¥
: i . :
5 i smpr 2 I WT LAKL CHARLTS SUMNEN ¥1NO AP OUTPUT IS [N EXPONENTIAL FONNAT . \
;f 120080,  =llevdn, 102008, RN “Ta800, 68000, 54000, 42000, «J0880, =18000, . H
“' 723400, . . . . . . . . . . . . . . . . . . N . ’
1 1 1 1 1 1 )
f, 3 20000, . . . . . . o701 10076 2,097 4,186 8,126 Jo082 1,040 1,036 2,273 2,613 1,479 4,300 . .
- H 1 1 ] 1 1 1 s 1 1 2 2
= 1Se0s, . . . o . #3838 1,170 20083 5,108 1,007 1,356 1o007 2,409 34093 3,000 4,836 6,413 6,649 1,10) 2,149
=
B 1 1 1 1 1 1 1 1 2 2 2
> 10000, . . . . . o811 1o09R 34833 1,437 1,475 1,967 2,622 3,007 4,511 5,077 7,143 9,950 1,425 2,010 5,010 1
}% 1 1 1 1 1 1 ] 2 2 2 2 3 i
A LITIN . . . . N 10328 2774 S.TIT 1,211 2,610 D213 44286 S,TII 7,389 9,335 1,179 1,692 2,916 3,003 S.l0F
& 1t 1 11 1y 2 2 2 2 ® 3
e, . . . . . 1o097 34022 64510 1,358 2,768 3,605 4,000 6,391 P200 1,060 1.310 1,908 2,346 5,784 ), 316
] 1 1 1 1 2 2 ] ? 2 2 3 '
. 3000, oAS2  JTeL LNeE 983 1,105 2,050 4,116 8,207 1,621 3,170 4,336 5,005 0,017 1,00] 1,435 1,038 2,976 4,021 9,992 2,107
1 1 1 1 1 2 2 2 2 2 2 3 3 R
o989 12350 10340 1,503 3,875 10110 5,925 1,112 2,033 1,708 S,907 7,003 1,030 144¢4 2,004 2,800 4,78) 5,432 1,490 G388 .
1 1 1 ! 1 2 2 2 2 2 ] 3 3
15000, ReaR0 1o722 2,120 2,573 3,107 4,409 8,690 1,530 2,056 4,469 6,962 9.253 1.319 14903 2o780 4,324 $,933 1,078 2,828 4o 220
\ 1 1 1 1 ) 2 2 2 2 2 3 3 3 3
«20800, 20209 2,715 32332 40150 5,233 T8930 1,206 2,171 3,516 5,479 8,950 1,100 1,671 F.46% 1,140 8,957 1167 1,678 2,210 3,826
1 1 t 1 1 1 2 2 2 2 2 3 3 3 3 ‘
E 23080, 3020 40112 5191 H.020 Ae692 10199 1,965 3,117 4,757 4,918 9,721 1,385 1,739 5,000 6,000 0,357 1,062 1,367 1,742 1.850 s
|2 To1 1t ot 1 v 1 2 2 oz r._ & 2 3 3 3 :
3 30000, 0,08 0,175 T80 1,009 1,401 1,932 3,029 4,539 6,502 A,200 9,629 2,050 3,633 4,039 3,950 7,513 9,068 1,092 1,264 1,29
1 | 1 1 1 ] i 2 H 2 ? 2 2
33000, Tenvn 90232 10220 10A0) 24200 30183 €.735 SoTT70 4,606 7,769 2,116 24582 34290 42213 9,102 6,332 7,708 6,83% 9,199 9,)01 .
] 1 1 1 ) 1 ) 1 2 ? 2 2 2 ? 2 2 2 H 2 2
YT TR 14030 1,371 1,852 2,555 3,503 4,052 4,643 S,377 1,510 1,736 1,900 2,338 2,948 3,017 4,007 5,028 6,833 6,945 6,999 3,440
1 1 ) | 1 ] 2 H 2 ? 2 2 2 2 2 a 2 2 2 2
43908, 1oaR8 2,517 20825 2,999 Jo'ied 3,790 1,074 14230 1,023 1,637 1,888 2,140 Zo526 30107 3,018 20420 5,208 5,398 8,430 2,123
1 1 1 1 1 1 2 z 2 2 H 2 4 ? H 2 2 2 2 2
sheon, 14921 24159 24032 2,747 6,309 9,200 1,023 1,100 1,340 1,562 1,736 1.943 2,192 2,676 3,273 3785 4,163 4,269 2,112 2,099 '
] ] ] 1 1 1 | 2 2 2 2 2 2 H 2 2 2 2 H
33000, 10799 10992 €o0He To1%6 7,015 B.7T7 9,758 1,099 1,260 1,083 1,571 34762 10986 22300 2,781 34133 3,485 2,546 1,762 1,578
] | 1 1 ‘ 1 1 2 2 » 2 2 2 2 2 2 2 2 2 2 .
40000, B.0R0 3,599 0,001 0,803 7,530 8,353 9,298 1,027 1,138 1,270 1,022 1598 14813 2,062 2,313 24423 2,056 3,015 1,474 1,161 -
1 ] 1 1 ] 1 1 1 ? 2 2 ? 2 H 2 2 2 2 2 ] .
~4%008, 40836 5,393 U0l Aa0; T,158 7,908 0,603 9,009 1,020 1,140 1,287 1,451 1,350 1,817 2,409 2,219 2,648 1,287 1,199 7,501 °
) 1 1 1 3 1 1 1 ? 4 2 2 2 2 ? 2 2 1 }
10000, Aan31 50027 Sa308 6,135 0,792 7,347 7,043 8,018 9,348 1,007 1o00é 10316 1,456 1,397 1,752 1,919 2,118 1,091 2,084 S.h08
] ) ] 1 ) 1 t 1 ] 2 2 2 2 2 1 1 1 1
75000, 42 @.TTE S.295 S,T06 6,226 0,717 7,268 7,879 U, STT 9,379 1,052 14167 1,275 1,398 1,514 1,058 9,571 8,900 S804 4,157 .
) 1 ] ] ] 1 1 ) 1 1 1 2 2 2 2 2 1 i 1 1 t
~Ag000, 00223 44562 44916 5,200 5,689 6,13V 6,001 70205 7,780 A.444 9,383 14021 1,116 1,207 1,305 1,021 7,560 8,917 4,343 2,989
R T T 1 1 1 1 2 2 2 % % 1 ’
ELITTTR ConTN 40219 036 A AT S 1A 5,009 6,009 6,479 6,009 7,457 7,002 8.432 9,642 1,037 1,020 1,216 6,1%0 5,969 3,131 1,990 ;
1 1 1 1 ] ) 1 ) 3 \ 1 1 1 1 1 1 1 1 |} 1 3
. ITTIN Fe83 30792 44056 4,00 4, TAB $.120 5,450 5,600 3,904 4,051 6,730 7,005 7,970 8,004 %,069 5,121 4,063 1o12) 24199 1,313 .
] 1} 1 1 1 1 & 1 ' 1 1 1 1 1 1 1 1 1 !
BITIT Nol® 3,392 3,004 3,974 4,336 4,017 o028 4,75 4,783 4,721 4,092 5,189 5,007 0,770 4,152 4,218 1,682 2,281 1,505 , H
) 1 ] 1 1 1 1 1 1 \ 1 1 1 ) § 1 1 ] 1 .
10080, 20768 2297 3,157 3,093 I 021 3,408 I 886 3,877 2,033 3,558 3,603 3,010 3,090 4,431 2,748 3,255 2,231 1,623 1.003 .
1 1 1 1 1 1 1 3 1 1 1 1 1 1 1 1 1 1 N
108900, 20390 20892 2,717 34023 24130 10102 $,20% 2873 2,678 2,A00 2,464 2,300 2,477 2,762 1,053 1,025 1.363 1,125 . . .
1 1 1 ] 1 1 1 1} ] 1 1 1 1 1 b
110008, 1o9NT 2,116 2,309 2,372 2,052 2,564 2,321 24071 1,921 1,792 1,596 1,511 1,525 1,049 9,707 9,046 7,195 $,840 . .
111 1 Tt 1 ) 1 i
119000, 1o630 1o770 1,831 14479 1,974 1850 1,043 10000 1340 1,237 9,915 90171 9,025 4,836 3,500 4,203 3,047 2,034 . ¢
] 1 1 | 1 ) 3 1 i
e120a00, 10301 14090 10402 1,497 1,076 10313 1,367 14035 3,559 4,933 5,933 8,587 3,154 2,078 3,027 2,243 1,001 . . i
3
1 ] 1 | 1 :
12300, 1a489 10110 24362 10168 1,087 9,372 $4370 72386 5,473 4,158 2,038 3,039 1,007 1,685 1,326 1,162 847 v . :
130000, 0,950 D75V 9,083 ALJRL T.a% 6,703 6.851 .74 3,327 2,639 2,021 1,670 L8468 933 ,TeT B8 . . . f
«135000, o724 S.947 4402 STV S,a11 4,090 4,137 3,047 2,20) 1,700 1,293 9% . . . . . . . .
«132008, =129000, ~lodese, “%0000, -Redos, «T2000, 8000, 40000, 34000, «234000, i
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Table C~1
SEER II OUTPUT FOR EXAMPLE PROBLEM (Concluded)

LT T 1 %7 LARE CHANLES SUMMER WIND AP QUTPUT IS (N ZXPONENTIAL FORNAT
80, LI 1Y 18800, 30000, 43000, $e000. 40000, 16000, %0, 102000,
LT, . . . . .
s000, 0y . . v .
?
15800, 065 o . > .
3 3 3
108ee, 272 TaMn Jo%2 .
3 3 ) .
$osd, o037 1alIT 4a0d5 1300, ;
3 . s 4 i
a, 3,707 1,730 Futdh 512 i
3 L] 4 L3
3008, 0,028 3. 102 2,70¢ 1,13 ,
1
3 . 3 h) H
10008, B84 1,357 T.8v6 2,084
b 3 3 ? )
~15008, S.82) Jog%¢ 2.90¢ 3,700, t
3 3 ?

A 3 .
20208, 34100 14087 1,313 2,001

? 2 ? 2
oTapnn, F.I71 9,000 4NN 1,081

4 2 1 4
=30808, 2,481 5,706 2,008 , .
2 2 2 '
-3%800, 8,649 3,331 1.0v2 .
2 ? ?
48008, 3,207 1,943 1989 . :
? 2 1
-43000, 2,330 1000 T238 .
z ] 1
«50809, 16352 9,091 4,708 .

1 ]
=53000, 5,73 0.2 . .

! 1
~hpese, T.ned 4,289 . N s
1 1 !
~43800, 8,093 2,097 . .
) H
~T6008, Jubed . . . N g
! H
75008, 2082 o B . .
}
H
84900, . . . . . 1
{
3
-0, . . ., . . ‘i‘ .
IR . . . . .
3
95808, A . . . . 3
3
106040, . . . . . . F-
185000, . ] . . . K
~110000, . . . . . 2
115000, . . . . . :‘:{%
J «j20000, . . . . . }fé
£ 5
33 o30%008, . . . . . 2
4‘{.\
336004 . . . . . 3‘@
13009, . . . . . :}g
12080, L. 120¢e, ELITIN N0, 46980, e, T2000, 84529, 20400, o
137




